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ELECTRIC RESISTANCE STRAIN GAUGES 
By A. COGMAN 


(1) INTRODUCTORY 


HE measurement of mechanical strains in 

i engineering problems had, until recent 

years, presented difficulties which in most 

eases necessitated the use of delicate mechanical 

extensometers and limited measurements to those 

of steady or very slowly varying strains, since the 

mechanism of the instrument possessed inertia 

rendering its response to rapid changes in- 
accurate. 


This field of engineering measurement has 
largely been revolutionised by the introduction, 
some 10-15 years ago, of the electric resistance 
strain gauge. Mechanical strains corresponding 
to tensile stresses in mild steel from a few 
hundred pounds per square inch up to the elastic 
limit may be measured, with suitable apparatus, 
at rates of variation ranging from zero, i.e., 
steady strains, to thousands of cycles per minute 
in the case of vibration strains. Measurements 
may be made at points in a machine or structure 
where the introduction of bulky or heavy equip- 
ment is not possible by having the measuring 
equipment at a remote location and connected to 
the strain gauges by electrical cables. These 
techniques may be extended to cover the rotating 
parts of a machine by the use of suitable slip 
ring connections. 


(2) PRINCIPLES AND CHARACTERISTICS 


The basie physical principle utilised in the 
electric resistance strain gauge is that discovered 
by Kelvin in the late nineteenth century. Kelvin 
measured the ohmie resistance of a wire in 
tension and established that the change in resist- 
ance was in direct proportion to the increase or 
decrease in tensile force acting on the wire. He 
also established the fact that some materials 
showed a greater effect than others in this 
respect. This principle was utilised many years 


later (about 1938) when Simmons and Ruge 
applied it to the measurement of mechanical 
strain. The method used was to bond a flat grid 
of fine (-001” dia.) wire to the surface of a metal 
test piece, interposing a layer of paper about 
0-001” thick for insalation. Cellulose adhesive 
was used and the bond was sufficiently rigid to 
ensure that the wire would be deformed in a 
similar manner to the surface of the test-piece 
when a load was applied to the latter. 


During the development of the strain gauge 
the various difficulties were eliminated and 
consistent operation obtained from gauges con- 
structed by mass-production methods. 


In the United Kingdom the tendency in E.R. 
strain gauge techniques has been to standardise 
the use, largely of a gauge in which the sensitive 
resistance element consists of a flattened helix of 
fine wire, compared with the flat wire-grid type 
employed by the majority of U.S. users. The 
principle of operation of both types is identical 
and their construction is shown in Figure 1. 


The electrical characteristics of typical strain 
gauges should be mentioned in passing. The 
natural or unstrained resistance lies in the 
ranges, say, 100-500 ohms, when the gauges are 
intended for measurement of steady strains, as 
e.g., in structural investigations in shipbuilding 
and civil engineering; while for measurement of 
rapidly varying vibration strains, such as are 
encountered in internal combustion engines and 
associated components, resistances in the region 
of 2,000-3,000 ohms are more commonly used, 
particularly when the gauges are located on a 
rotating part and the connections to the gauges 
must be made via slip rings and brush contacts. 


The reasons for these choices of resistance are 
dictated by limitations and conditions of instru- 
mentation and will be referred to later. 


The strain sensitivity of a strain gauge is 
defined as the ratio 


Fractional change of resistance 
Strain 
That is to say, if the gauge has an initial length 
L and initial resistance R units and under strain 


the length becomes L’ and the resistance becomes 
R’ units, 


then §S, the strain sensitivity, is given by 


Bint 8k 
eo R 
§ = = 
tial; uF 
L L 


and is a dimensionless number. 


The value of S is usually about 2-2 for normal 
gauges made with nickel-chrome resistance wire 
and having a value of L of between 4” and 1%”. 


It will be appreciated that since, for example, 
considering a tensile stress of 5 tons/in?. in mild 
steel, the strain will be 0-375 x 10-8 inches per 
inch, with a value for Young’s Modulus of 
30 x 10® Ib/in?.; thus assuming a value of 2-2 
for S it is evident that the resistance change will 
be only 0-825 x 10-3 ohms per ohm. Thus a gauge 
which has a natural resistance of 1,000 ohms will 
only exhibit a change in resistance of 0-825 ohms 
for such a strain. 


It may therefore be clear from the foregoing 
considerations that : 


(i) Strain gauge measurement with electric 
strain gauges involves the measurement, in 
turn, of extremely small changes of resist- 
ance. 


(ii) The changes of resistance to be encoun- 
tered may be small in relation to changes 
due to temperature variation; these 
changes must therefore be excluded in 
some way from the result. 


The above are the basic requirements to be 
satisfied in problems of strain gauge instrumenta- 
tion; the first is an essential, the second applies 
principally to cases where steady or slowly vary- 
ing strains are encountered. 


(4) SURFACE TREATMENT OF MATERIAL 
UNDER TEST 


The metal surface to be tested must always be 
smooth, clean, free from oil, grease and surface 
porosities. The smoothness of the surface is 
perhaps the most important and often least 
easily achieved of the above conditions. Usually, 
with steel, cast-iron and bronze, smoothing with 
a earborundum buff is satisfactory; with light 
alloys such as duralumin, the softness of the 
material allows the same result to be obtained by 
the use of coarse emery paper. In any ease, a 
“mirror finish” is to be avoided, as this frequently 
allows the cement bond to slip in shear under 
high strain values, resulting in erroneous 
measurements. An excellent surface is obtained 
by shot blasting. 


After the mechanical treatment outlined above, 
it is essential always to degrease the surface with 
earbon tetrachloride or fresh acetone that has not 
been in damp surroundings. 


(5) ATTACHMENT OF STRAIN GAUGES 


Strain gauges are attached to the surface of 
the material under test by a suitable cement, the 
type used being dictated by the conditions of 
operation. For normal dry test locations at 
ordinary temperatures cellulose cements are 
widely used, “Durofix” being a good example. 
Where the gauges are subjected to damp atmo- 
spheres during testing, a suitable waterproof 
covering must be applied. “Di-jell”, a soft, 
highly water-resistant paste, may be used for this 
purpose providing it remains undisturbed; where 
some handling may be unavoidable or where con- 
siderable splashing is to be expected, “Prestik”, 
a substance similar in consistency to plasticine, 
has proved valuable as a covering material. For 
extreme cases, such as propeller blades under 
water, cements such as “Araldite” are used; these 
are cold setting synthetic resins which have high 
mechanical strength combined with extremely 
good impermeability to water. 


In the vast majority of cases “Durofix” has 
proved satisfactory, especially where artificial 
heating from an electric fire can be used in the 
drying out stage of application. 


In applications where “Durofix” is used the 
surface of the material, after treatment as 
deseribed above, is coated thinly with “Durofix”, 
which is allowed a few minutes to become tacky. 


A “milky” appearance at this stage indicates 
moisture is present and the surface must be re- 
cleaned with acetone and a source of radiant heat, 
such as an electric fire, provided near the surface 
to be tested. 


When the preliminary coating is satisfactory 
the gauge is coated with “Durofix’* and applied 
in the desired position. Pressure is applied by 
the finger to ensure that the gauge is in good 
contact mechanically, and the gauge may then be 
left to set in position, except when it is located 
at a point of small radius, for example; in such 
a case pressure applied through a felt or sponge 
rubber pad may be required to ensure that the 
gauge adheres along its entire length. 


With cellulose adhesives, such as “Durofix” in 
particular and in general with most other 
adhesives used for strain gauge application, a 
good indication of satisfactory drying out (in 
the case of cellulose cements) or polymerisation 
(in the case of synthetic resins) is the insulation 
resistance between the gauge element and test 
material as determined by a “Megger’” test.t 
Low resistance implies unsatisfactory hardening 
or the presence of moisture; a resistance of some 
10-50 megohms is acceptable but 50 —99 is pre- 
ferable. 


(6) STRAIN MEASUREMENT TECHNIQUES 


The foregoing sections have dealt, necessarily 
somewhat briefly, with the nature of strain 
gauges and the methods by which they may be 
attached; the problem of selection of suitable 
resistance values and certain other features must 
remain undiseussed until later, as they are inter- 
dependent with the type of measuring apparatus 
available. The question now arises as to what 
equipment should be used for obtaining measure- 
ments of strain from the strain gauges. 


Wide variations exist in the design and choice 
of such instruments and different users may 
express very conflicting opinions on what con- 
stitutes “the right tool for the job”. At the 
outset it must be admitted that all but the 
simplest strain gauge investigations are some- 
what specialised applications of electrical 


*Commercially available gauges are made already 
coated with ‘‘Durofix’’. Attachment is effected by 
dipping them in acetone to soften the coating and 
applying them immediately to the prepared surface. 


+Care must be taken to apply only about 200 volts by 
turning the handle slowly. 


measurement, therefore the individual may well 
decide that the most suitable equipment for his 
purpose is that which another user would con- 
sider less easily handled. 


Remembering, however, that, as stated in 
Section 2 (i), the primary necessity is a means 
for measuring resistance change, an elementary 
device which immediately suggests itself is the 
Wheatstone Bridge Cireuit. Figure 2 shows this 
classical device in diagrammatic form, and, as is 
well known and may easily be found by reference 
to any standard electrical text book, at balance, 


ie. when the galvanometer shows no current 
flow, 

xX  R, 

RereoRs 


The simple form of this Bridge Cireuit using a 
galvanometer to detect the flow of current or 
“anbalance” is inconvenient for engineering 
practice, as galvanometers are usually delicate if 
they are sensitive enough for strain gauge work. 
Instead, the use of a cathode ray oscilloscope is 
more common, the cireuit of Figure 3 being 
typical. Since a cathode ray oscilloscope having 
the required high sensitivity is usually made so 
as to be sensitive to A.C. voltages only it is 
necessary to interrupt the D.C. voltage by a tap- 
ping key or automatie contact breaker. This 
produces waveforms shown in the sketches 
accompanying the circuit diagram; at balance, 
when no voltage is present across the terminals 
A and B, a straight line appears on the screen. 
Such a simple cireuit is only of use for measur- 
ing from a limited number of gauges in succes- 
sion, as it is rather slow in operation. 


A further point is that, as already stated, the 
change in resistance to be expected in the gauge 
is only a very small fraction of its natural un- 
strained resistance. Therefore the bridge circuit 
is called upon to measure changes in resistance 
rather than the overall resistance of the gauge. 


These and other reasons beyond the scope of 
this short paper have led to the development of 
strain gauge bridge cireuits fundamentally 
similar to Figure 4. 


The bridge is excited by A.C, at a relatively 
high frequency, usually about 1,000 ¢/s. The 
output appearing across the terminals A and B 
is thus a small voltage (usually less than a few 
millivolts) at this frequency, and proportional to 
the change in resistance. 


The indicating device is a thermionic valve 
amplifier which is sharply tuned to accept signals 
at the bridge frequency and it may be made to 
indicate its output on a small rectifier-type meter. 


When an unbalance is indicated by the meter, 
balance is restored by adjustment of the slide 
wire Z. Thus, by a suitable apportionment of the 
resistances of X and Y and the slide wire, the 
instrument may be made suitable for a given 
range of resistance change values; further, it 
may be made to indicate initial balance, i.e., 
zero strain, in the centre of the slide wire travel, 
and thus the increases or decreases in resistance 
which correspond to tensile or compressive 
strains at the gauge will be read when the act of 
moving the slide wire position to balance point is 
earried out. 


The fact that the amplifier and indicating 
meter only respond to the bridge operating fre- 
queney renders the instrument immune from 
interference from power supply fields and other 
disturbances which may be troublesome with 
simpler equipment. 


As the bridge is adjusted to zero-output for 
making measurements, the sensitivity of the 
meter and amplifier are immaterial provided that 
they are sufficient to give the required sensitivity ; 
their accuracy does not otherwise contribute to 
the accuracy of measurement which depends 
solely on the accuracy of the resistances X and Y 
and the slide wire Z. 


It can be shown that with the values X, Y and 
Z ohms of resistances and slide wire respectively, 
if strain appearing at the gauges causes un- 
balance which is corrected by a change of x ohms 
in the position of the slider in the direction 
shown in Ficure 4, the strain to which the gauge 
is subjected is given by 
2 = ss + S (see Section 2), 
and that 
ons z 
R X+Y+2Z 
thus 
8L = x 
LL S(X + Y + Z) 


By this means the strain occurring at the 
gauge may be evaluated, since S, the strain gauge 
factor, is stated to a high degree of accuracy by 
the gauge manufacturers. 


Also, since the relationship between oR and 


Sh R 


| is a constant one for a particular manufac- 
4 


turer’s gauges, it is possible to calibrate the slide 
wire control directly in suitable units of avail- 
able strain. This is done in several commercially 
available strain indicators. 


The foregoing applies to the measurement of 
steady strains, i.e., strains which do not vary 
rapidly and are for example met with in dead 
loading of a structure. 


A further important point remains to be dealt 
with in this connection, this being temperature 
compensation. 


The temperature coefficients of resistivity of 
some of the most suitable wire material for strain 
gauge construction are unfortunately rather high 
in value. This is particularly so of nichrome, 
and using gauges of this material rises in 
temperature at the gauge may easily cause 
spurious readings, especially over long periods 
of time. It is fortunate that a simple remedy to 
this problem is available. Ficure 5 shows the 
arrangement, which merely consists in replacing 
R, the “balance arm” of the bridge circuit, with 
a gauge, equal in resistance to the measuring 
gauge, cemented to a piece of the same material 
as that under test, and placed reasonably near 
the test location. This gauge is termed the 
“compensator”. 


Temperature variations now cause equal 
changes in resistance in the strain gauge and the 
compensating gauge; strains in the test structure 
only affect the strain gauge, however, so that 
accurate measurement is possible over long 
periods and with fluctuations in the ambient 
temperature. 


(An obvious precaution is to protect both the 
strain gauge and compensator from direct sun- 
light, close proximity of powerful electric lamps, 
and draughts, which may be achieved by covering 
the gauge location with felt, if such eventualities 
are likely to occur.) 


Turning to the measurement of rapidly vary- 
ing strains, such as those due to vibrating 
machinery, the problems of instrumentation are 
rather different. The type of apparatus required 
is dependent upon the frequency of vibration 


and, as the purpose of this paper is to consider 
the application of strain gauges to marine 
problems, the higher frequencies above, say, 
6,000 cycles per minute, will not be discussed in 
detail. 


For these, photographie recording using oscil- 
lographie equipment of the Duddell type is 
necessary. It is usually difficult with this 
apparatus to record combinations of steady and 
vibratory strains (as oceur in marine shafting) 
due to technical limitations in the design of suit- 
able valve amplifiers. Such equipment is, how- 
ever, essential for work on geared turbine 
installations, where vibrations at frequencies in 
excess of 6,000 cycles per minute frequently 
occur. 


The most satisfactory form of equipment for 
marine applications has been found to be a 
direct-writing pen recorder producing immedi- 
ately available records and using a high fre- 
queney A.C. supply to the strain gauge bridges. 
The galvanometers used to drive the pens in the 
recorder are usually insufficiently sensitive to 
operate directly in the strain gauge bridge 
cireuit, and amplification must be provided. 


As in the ease of the A.C. bridge described for 
steady strain measurement the output from the 
bridge is a voltage at high frequency (usually 
1,000-2,000 ¢/s), but as the strain is of a fluctuat- 
ing vibratory nature, the output voltage fluctuates 
in a like manner. The effects produced are best 
appreciated by reference to the sketches in 
Figure 6, which shows the cireuit and the oscillo- 
grams of voltage at the output terminals A and 
B for several different conditions of strain. 


The voltages are amplified by an amplifier, 
which need only be sensitive to a narrow band of 
frequencies extending, say, 100 ¢/s each side of 
the bridge supply frequency. This latter fre- 
queney is usually termed the “carrier” frequency, 
and the output from the bridge may be regarded 
as the carrier frequency “modulated” by the 
vibration frequency in a manner analagous to 
modulation of a radio transmitter signal. 


The output of the amplifier consists of a 
magnified version of the bridge output; this is 
passed to a “demodulator” circuit, which in turn 
feeds into the recorder pen coil a current varying 
in magnitude in the same manner as the original 


vibration strain; the complete system is shown 
schematically in Figure 7 with the corresponding 
waveform at each stage of the apparatus. 


It is usual to arrange several such units to 
operate simultaneously, records being made from 
different points in a machine thus enabling the 
relative magnitudes of vibration to be indicated. 
Since machinery vibration is invariably initiated 
by the rotating and reciprocating parts and bears 
a definite relationship to the operating speed, 
means are provided whereby an indication of 
dead centre position may be recorded together 
with the vibration waveforms. Timing marks are 
usually provided also, as these enable the speed 
of the machinery to be checked, thus eliminating 
doubtful tachometer errors. 


The simpler equipment required for measure- 
ments in the frequency range from about 10 ¢/s 
to 3,000 ¢/s is not usually applicable to marine 
engineering problems, which usually involve low 
frequencies and often require the measurement 
of zero frequency (steady) strains in addition. 


Finally, a word about the choice of resistance 
of a strain gauge. This is often a compromise. 
The current passed by the fine wire element 
cannot usually exceed about 20 mA. and should 
normally be held below some 10 mA. to avoid 
undue sensitivity to draughts blowing on the 
gauge. 


However, it will be evident that the output 
voltage from the bridge is directly proportional 
to the voltage applied, and to enable amplifier 
requirements to be held to reasonable limits this 
voltage must be as high as possible. 


To enable the voltage on the circuit to be main- 
tained at, say, 25v., a convenient value, the gauge 
resistance must be about 2,500 ohms, which limits 
the total bridge current to 10 mA. and the current 
in each arm to 5 mA. These values are in fact 
used in the Society’s dynamie strain recorder 
equipment. 


Also, using a reasonably high resistance of 
gauge, the effects of slip ring resistance measure- 
ment is reduced to an acceptable value in applica- 
tions where gauges are used for measurement of 
strain in rotating members of a machine. 


Connections to gauges of 2,500 ohms resistance 
must be made with shielded cable to eliminate 
interference pick-up. 


For the measurement of steady strains using 
the slide wire bridge described earlier, gauges of 
about 100-150 ohms unstrained resistance are 
used. Such gauges are operated with about 
2 volts on the bridge circuit at a frequency of 
1,000 c/s and their low electrical impedance 
enables reasonably long (up to 30 yards) connec- 
tions to be made, using ordinary insulated flex as 
the conductor without picking up electrical 
interference. 


Also, gauges for steady strain measurement 
are usually made from low temperature coefficient 
wires to avoid errors in measurement due to 
temperature change over long periods. Such 
wire materials have a lower specific resistance 
than nichrome (which is used for the high resist- 
ance gauges) and consequently for given size a 
reduction in resistance is inevitable. 


When measurements are to be made rapidly 
from a large number of gauges, as frequently 
occurs on large structural engineering problems, 
multi-point selector switches are used to connect 
the strain-measuring bridge to the various 
gauges. Instrument pattern selector switches 
having silver-plated contacts must be used. 
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(6) SOME TYPICAL APPLICATIONS 
IN STRAIN GAUGES 
Of the many applications in which strain 
gauges have been employed, it is only possible 
here to mention a few briefly. 


Dealing first with steady strain measurement, 
several large scale investigations have been 
carried out by the Engineering Research Depart- 
ment on various structures, ranging from small 
engine components to a high-speed wind tunnel 
over 100 feet high. This last application in- 
volved the taking of over 150 readings at each 
test load and consumed 10 miles of insulated 
flex in connecting to the gauges. 


Regarding dynamic strain measurement, numer- 
ous torsional stress investigations have been 
earried out in systems where torsiographs of the 
conventional type were unsuitable. Measurements 
of alternating stress in reciprocating parts of 
machinery have also been made successfully, 
using strain gauges. 


The illustrations appended show several typical 
installations of strain gauge equipment together 
with reproductions of some strain recordings 
obtained in practice. 


(A) HEeLicac Tyree GAucEe (B) Grin Tyee Gauce 


“G FINE WIRE LIES BETWEEN 
INTERLEAVED HOOKS 


IN FORMING JIG. 


FINE wire Coin 
On THIN PAPER 


Former, TREATED 

WITH ADHESIVE ES 
Movaae.ie Hooxs DRawnNn 
APART, FORMING GRID . 
Cement -Coared PAPER 
IS APPLIED. 


Coit FLATTENED 
Sm ENB LEADS 
SPoT WELDED 


To coil ENDS . 


FINAL Form oF Gauoce 


AssemBLY PLACED WITH END LEADS Spot 
BeTWEEN LAYERS OF WELDED IN PLACE ON TO 
BakeLIzeED PAPER ENOS OF FINE WIRE GRID. 


ASSEMBLY HEAT -TrREATED 
ONDER PRESSURE , 2 


MARKED WiTH RESISTANCE 
VALUE READY FOR USE 


Fia. 1. Constrecnowar. Detaics oF 
STRAIN GAUcES. 


WHEATSTONE'S BRIDGE 


X = UNKNOWN 
RESISTANCE 


R= ACCURATE 
DECADE RESISTANCE. 


Ri &R2 ARE USUALLY MADE EQUAL ¢ ARE FIXED IN VALUE 


Figure 2. 


(a) Tenstte Strain 


(b> Compressive Strain 


OSCILLOGRAMS SHOWN S 

iaGuRe 3. For 
By Catnope —RAY OsciLLoScoPE Mod IFieD M 
Connectep Between ASB. OF BRIDGE FOR STRAIN 


GAvuce PurRPoseEs . 


Fiqure 4. AC. STRAIN Bripae. 


-- 
Ac. 
Ac. 
COMPEN~ STRAIN ae 
SATOR GAUGE 
To 
AMPLIFIER , 


Piduite! Sere EM PERATURE SOME RRaO ae 


APPLIED To Ac. BRioceE. 


10 


looo ~ SUPPLY 


SG. = STRAIN GAUGE Tc. = TEMP, COMPENSATOR 


Riz FIXED RESISTANCE. 


STRAIN AT WAVEFORM AcROSS 
GAUGE AB. 
+ 
° 
loo0o c/s 
“ WAVE 
2 Time CARRIER WA 


ONE ENVELOPE oF 
Vi BRATION StrRaAw loco C/s WAVE 

ONLY CORRESPONDS TO ORIGINAL 
STRAIN WAVEFORM . 


— \p00 ¢/s “CARRIER” WAVE 


AT _CowSTANT AMPLITODE 


TIME ——= 
AND IN DIRECT PROPORTION TO STRAIN 


STEADY STRAIN ONLY 


looo c/s" CARRIER” 
WANE MODULATED 
BY VIBRANON STRAIN. 
DVE To STEADY STRAIN 
SvPERIMPOSED , AMPLITUDE 
NeveR Fairs to zEeRo 


TIME —— 


COMBINED STEADY 
AND VIBRATION STRAIN 


Fig 6. Output WAVEFORMS FRom AC. BRIDE, 


t 


“Nad AS Dav0CdCcadG 
aAyocosy JO NOUD3IsS 


N3d 40 
NO12L!sog 93327 ~— 


* Badd SNIAOW 


BAaLBWONWATWS 


* BALSNONWAINW4 


OWsa7wWHWY » 


QM! LNIIBOWD , — 
ANGLO S 


yo.wmoaonsag 


- 


ai 
2314 


U0D DNIAOW 


B30S3CI3ay MVAWS WWNYNAG 2 
WYABDY Ig PUNINSHSc, Se. 33NT4 


Shovaq; 


\¢ Asis INOWK) 


* 49g.1NS 
a valgaa 7 


3SAumM 


BvIpood, 


° 


"3S 


rol 


Fia. 8. Dynamic Srratn RecorpDING EQuIPMENT SET UP FoR TORSIONAL STRAIN 
MEASUREMENT IN INTERMEDIATE CARGO LINER. 


Fic. 9. Sip Ring anp Bruse Con.ecror GEAR ASSEMBLED ON INTERMEDIATE 
SHAFTING FOR TORSIONAL STRAIN MEASUREMENT. 


“NOLLIAQ NOLLOG ATHIO(] AO ONILSA], NOISSAUdNOD HOA NOLLVTIVLSN] GADOVY) NIVULS AO LYVG “OL “YY 


& 


zoge 


[SUsvoueus}; 
| GPHHGHOOLOE 
~ “2808 20000)— 
282899990 le 


Ni 


14 


ENGINE Rev. Marks 


TORSIONAL STRAIN 


4-SECOND MARKS 


Fie. 11. Specimen Recorp or TorstonaL STRAIN FROM 
4-CYLINDER 2-STROKE CYCLE INSTALLATION. 


Enarne Rev. Marks 


STRAIN WAVEFORM 


t-seconD MARKS 


STRAIN WAVEFORM 


Fie. 12. Specimen REcorD oF TORSIONAL STRAIN AT TWO POINTS IN 
BLowkER Drive SYSTEM OF 2-STROKE DreseL Marin ENGINE. 
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Discussion on Mr. A. Cogman’s Paper 


ELECTRIC RESISTANCE STRAIN GAUGES 


Mr. G. O. WATSON 


I would like first to congratulate Mr. Cogman 
on his excellent Paper and for the very lucid and 
clear description he has given of the funda- 
mentals of strain gauges and their applications. 


I note that he relies on a megger being turned 
at slow speed in order to obtain indication of the 
satisfactory drying out of the cements and this 
must be a very delicate operation as the megger 
will generate 500 volts when rotated compara- 
tively slowly. 


I would like to ask him whether he has 
explored the possibility of using an ohmmeter 
worked with a battery. Possibly this alternative 
may not be entirely satisfactory as the commer- 
cial ohmmeters available do not as a rule give 
clear indication of such high values as 10-50 
megohms. 


There is available an ohmmeter very similar in 
size and shape to the wee megger, but this only 
gives clear indication up to 200,000 ohms, the 
scale between this reading and infinity being very 
contracted. 


It is possible, however, that by the use of a 
battery having somewhat higher voltage, an 
ohmmeter could be devised which would suit his 
purpose. This might be combined with his strain 
gauge testing set using the same battery as that 
used for the Wheatstone Bridge. 


In his concluding remarks he referred to strain 
gauges wound with Eureka and I would be glad 
to know why more extensive use is not made of 
this material in preference to the nickel chrome 
alloy normally used. The latter alloy as stated in 
the Paper has a very high temperature coefficient 
whereas Eureka has practically zero temperature 
coefficient and would therefore be unaffected by 
temperature. 


“Eureka” and “Ferry” are trade names for 
almost identical copper nickel alloys and are 
manufactured to very close tolerances. 


Mr. J. MCAFEE 


The papers which are read from time to time 
before this Association reflect very accurately the 
increase which is constantly taking place in the 
range of activities of the Staff. Some 30 years 
ago, when the first meetings were held, there 
were, broadly speaking, only two types of 
Surveyor—one for hull and one for machinery— 
and it was expected that each one of them could 
tackle any problem that arose on his side of the 
house. Perhaps they all could. But the Sur- 
veyor’s life was more simple in those days as a 
comparison between the Rules for 1923 and 1953 
will quickly show. The increasing complexity of 
the Society’s work has made it difficult, if not 
impossible, for the general Surveyor to keep 
abreast of the times in all the many aspects of 
shipbuilding and engineering which he is likely 
to face in his daily round. 


And so the specialist has grown up in our 
midst and even the Staff List in the Register 
Book does not fully reveal the number of people 
at Headquarters whose activities are confined to 
a particular field. 


We are, in fact, becoming like the medical 
profession with the bulk of Surveyors spread 
about the world as general practitioners and the 
Harley-Street-like Specialists based in London, 
but always available for expert consultation. 
This build-up implies, of course, the necessity 
for the G.P. being sufficiently well trained to 
know not only when the specialist should be 
consulted but what facts or symptoms he will 
require to know before passing judgment. 


The real value of this Paper of Mr. Cogman’s 
is, therefore, that it does show the other chap 
something of what is going on, but I feel that its 
value would have been enhanced had the last 
section been expanded and a few examples been 
given in some detail of the kind of investigation 


in which the strain gauge has been so success- 
fully used. 


However, perhaps I am asking for too much. 
On his fleeting appearances one learns that 
Mr. Cogman has just returned with all his gear 
from a job that has taken him inside the Arctic 
Circle or is just about to rush to the Red Sea, so 
the wonder is that he had time to write the Paper 
at all. 


There is just one critical thought that occurs 
to me: fatigue is probably the most common 
cause of failure of marine shafting and other 
moving parts and this failure takes place at 
nominal stresses well within the elastic range, so 
that the final fracture does not exhibit strain. 
Now the mechanism of fatigue failure, so far as 
I am aware, has not yet been satisfactorily 
explained. Is it possible, therefore, that deduc- 
tions based on simple stress-strain relationship, 
according to Hooke’s Law, may not always be 
‘entirely valid when fatigue is involved? 


Since this Paper was presented I have seen a 
brief reference in the technical press to a new 
type of resistance strain gauge constructed not 
from wire but from copper-nickel foil in grid 
form. What, however, interested me in this was 
the statement that such gauges, employing a 
silicone backing, might be used at temperatures 
up to 660°F. and with a ceramic backing up to 
1475°F. Mr. Cogman has not mentioned any 
temperature limits which presumably would 
depend as much as anything else on the ability 
of the adhesive to resist heat. Many present 
problems involving the determination of stress 
resistance and creep properties at elevated tem- 
peratures could, it seems, be usefully tackled if 
strain gauge technique were applicable, and if 
the Author would comment on this aspect it 
it would add to his valuable Paper. 


Mr. S. ARCHER 


Having been closely associated with Dr. G. H. 
Forsyth during the early experimental period 
from 1943 onwards when he was introducing 
the electric resistance strain gauge to this 
Society, I would like to congratulate the Author 
on his commendably concise and up-to-date 
account of the technique and applications of 
this invaluable tool; a tool which today may 
be regarded as almost indispensable in most 
investigations whether involving static or 
dynamic measurements of mechanical strain. 


Whilst the convenience of the E.R..strain 
gauge cannot be denied and its lack of mechani- 
cal inertia renders it free from errors associated 
with mechanical types of strain gauge, it must be 
admitted that, in common with these, it can only 
measure the average strain over a given area and 
does not normally give information on the 
maximum stress at a point, as for example at 
stress raisers, for which it would be necessary to 
go to photo-elastic, or X-ray diffraction methods. 


A closer approach to measurement of strain at 
a point can clearly be achieved by reducing the 
gauge length of the strain gauge. Could the 
Author state what experience he has had of 
gauges of very short length and what length and 
resistance he would regard as practicable minima. 
The writer has particularly in mind the measure- 
ment of fillet stresses such as at the roots of gear 
teeth, or on shafting, and it would be valuable to 
know what special problems or limitations would 
govern such applications. 


A further difficulty with E.R. strain gauges is, 
that when applied to machinery parts of any size 
it is usually impracticable to calibrate the gauge 
in terms of mechanical strain and reliance has to 
be placed on adequate drying-out and insulation 
resistance checks. A further safeguard, of course, 
is to apply two or more gauges at the same 
location with means of switching from one to 
the other(s). Lack of agreement would render 
either reading suspect and a third gauge would 
then have to be applied for confirmation. For 
important applications it is concluded the Author 
would recommend such duplication of gauges? 


The E.R. gauge is also limited to strains not 
greatly exceeding the elastic limit value for the 
materials under test, i.e., about 0-1 per cent for 
mild steel. For larger strains, such as could occur 
under buckling conditions in static tests similar 
to that illustrated in Fig. 10, it would be neces- 
sary to employ other gauges, for example, those 
of the Desynn type and perhaps the Author 
would include a description of such gauges in his 
reply showing how they differ from ordinary 
E.R. gauges. 


The Author makes no mention of complex strain 
measurement which is one of the most interesting 
fields of application for E.R. gauges. In the 
early days the writer had to carry out such tests 
on a boiler drum using three gauges at 60° on 
the shell, i.e., the middle gauge in the circum- 
ferential direction. The results taken at a 
number of points along the shell longitudinal 


joint checked extremely well with the stresses 
calculated from the internal pressure. Doubtless 
the Author has made many such tests on all sorts 
of components and it would be of interest to 
learn whether in cases amenable to calculation, 
agreement has always been reached with the 
results obtained from a rosette of gauges, also 
what type of rosette the Author prefers. 


On page 4, bottom of first column, the Author 
gives a formula for the mechanical strain 8L/L 
in terms of the strain sensitivity S and the 
various bridge resistances defined in Fig. 4. The 
writer does not agree with this formula. Thus, 
let G ohms be the unstrained resistance of the 
active strain gauge, and Z, ohms the resistance 
on Z between the contact point on the slide wire 
and the resistance Y at initial balance of the 
bridge (zero mechanical strain). Then, if g ohms 
be the increase in resistance of the strain gauge 
G under a mechanical strain SL/L and x ohms 
be the increase in Z, required to restore balance, 
we have, equating ohmic products of opposite 
arms of the bridge, 


Before strain, 
G(X +2Z4—2Z, = R(Y + Z) 
After strain, 
(G+ ¢)(X4+4—Z, —x) = R(Y4+4, + x) 
or G(X +Z—Z,) — Gx + ¢ (X + Z—Z, — x) 
= R(Y + Z,) + Rx 
ee aefie OY™ 
EN Epa CORY Fe ay 
sL _sg wn. (R + G)x 
L SG 8S [G(X+Z—Z,)] 
since x is very small compared with (X+Z—Z,) 
If R = GandZ — Z, =2Z.:.X = Yand 
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“Z can be 


Thus, for each position of the contact point 
on the slide wire, i.e. for each value of x, it is 
possible to calculate the corresponding mechani- 
cal strain at the gauge, G, knowing its strain 
sensitivity and unstrained resistance together 
with the resistances of the other arms of the 
bridge, namely R, X, Z and Z,. 


On page 5, bottom of first column, the Author 
speaks of the carrier frequency being “modu- 
lated” by the vibration frequency. To avoid 
confusion with “frequency modulation”, it 
should, of course, be understood that the 
modulation in question is effected by the varia- 
tion in strain amplitude and is therefore “ampli- 
tude modulation”. 


Also page 5, line 7 from bottom of second 
column, the word “measurement” is clearly a 
misprint for “variation”. 


This admirable Paper forms a very welcome 
addition to the transactions of L.R.S.A. and the 
writer, for one, hopes that Mr. Cogman will con- 
tribute further papers in the future on the 
subject of stress measurement. 


Mr. BOYD 


In reading this Paper one is impressed by two 
outstanding features, namely the enormous pro- 
gress which has been made in the technique of 
using electric resistance strain gauges since their 
introduction only 10 or 15 years ago, and the 
fact that their use is still a matter for experts. 


In 1942, the Furness Shipbuilding Co., in 
collaboration with the Admiralty, constructed a 
large tank, the walls of which were made to 
simulate two different forms of bulkhead con- 
struction, and tested this with water while strain 
gauges and deflection wires were fitted to the 
outside. About this time, electric resistance strain 
gauges became available in this country and an 
endeavour was made at the last moment to use 
these inside the tank, protecting them with 
“Bostik”, a rubber compound. The gauges actu- 
ally functioned under water for several hours, 
but then failed owing to infiltration. This was 
probably one of the first applications under 
water, and was a vivid demonstration that the 
technique was not so simple as it appeared. 


Since then the early difficulties, mainly due to 
zero instability and moisture, have been over- 
come, and this progress is in no small measure 
due to the efforts of the Admiralty investigators 
concerned with the extensive experiments 
instigated by the Admiralty Ship Welding Com- 
mittee on the Neverita, Newcombia, Ocean 
Vulcan and Clan Alpine. The details of the 
methods used in these experiments have, fortun- 
ately, been published. 

Recent developments have increased the 
accuracy and reliability by improving the 
adhesives and protection against moisture, and 


by enabling the active parts of the gauges to be 
brought into closer contact with the surface 
under investigation, thus reducing shear effects 
in the adhesive film. A recent development is the 
“foil gauge” in which a very thin metal foil is 
used instead of wire. 


Mr. McAfee has referred to the important 
matter of the interpretation of strain measure- 
ments. This is a fundamental question, relating 
to all forms of strain gauges, and therefore 
probably outside the scope of this discussion. 
Nevertheless it is of crucial importance. The 
relationship between stress and liability to frac- 
ture whether by fatigue, brittle fracture or almost 
any other mode, is practically unknown, except 
perhaps for some very simple cases, and this is 
one of the most distressing vacua in present-day 
technical knowledge. 


The uses to which electric resistance strain 
gauges are being put nowadays extend far 
beyond the measurement of strains, and they are 
being used as the sensitive elements in many 
forms of instrument, such as continuous weigh- 
ing and counting devices, pressure gauges, 
accelerometers, &c., and in many other remote 
reading instruments. 


Mr. R. P. HARRISON 


I would like to apologise to Mr. Cogman for 
not being present at the reading of this interest- 
ing paper, the reason being that I was engaged 
on having removed from a steel plate some 
electric resistance strain gauges which had been 
dexterously attached by the Author’s colleagues 
in the Research Department. 


This work formed part of the quite well 
known Double Bottom Tests and the plate 
referred to had been tested under edge compres- 
sion within a dry Test House. The method used 
for “sticking on” gauges was to prepare the 
surface with an emery buff, using Durofix for 
bonding and to allow about two days for drying 
out. Judging by the efforts that were needed 
to remove the gauges I would say that for a test 
under these conditions the technique could 
hardly be improved and this has also been borne 
out by the small number of gauges which have 
failed to give satisfactory results during the 
several tests that have now been made. I would 
say that failures have not exceeded 5 per cent of 
the total number of gauges used. 


In the above tests with which I have been 
associated at least fifty single and fifty triple 
rosette gauges of the “Teddington” type (exclud- 
ing the “compensator” gauges) were used in each 
test which meant that some two hundred or more 
readings had to be taken at each increment of 
load applied. In most tests there has been up 
to eighteen loadings so it is a matter of simple 
arithmetic to calculate the total number of read- 
ings involved. I mention these figures because I 
feel that while the Author was responsible for 
introducing multi-point switches into the above 
experiments which resulted in approximately a 
50 per cent saving in time to record the gauge 
readings, he has not sufficiently emphasized the 
importance of this saving which increases 
directly with the number of gauges employed. 


A point which is perhaps outside the scope of 
the paper, but which I find rather perplexing, is 
the high cost of electric resistance strain gauges. 
A gauge which consists of a short piece of 
suitably formed wire of certain nominal diameter 
embedded in paper does not appear to have very 
expensive components, yet it is rather staggering 
to find that some hundreds of pounds have now 
been spent on strain gauges in the Double 
Bottom experiments where each test is taken 
above the yield point so that the gauges have a 
“Mayfly” life. Perhaps Mr. Cogman might care 
to comment on the aspect of costs. 


Turning to fairly recent developments I should 
also like to ask the Author whether the much 
publicised copper-nickel foil gauges developed by 
Saunders Roe have any advantages over the wire 
gauges described in the paper for work which is 
not associated with high temperature or severe 
vibration. 


Finally, I would like to compliment 
Mr. Cogman on his paper and would venture to 
suggest that for the sake of completeness and 
record that the Author includes with his replies 
sketches of various arrangements of strain gauges 
that permit such things as torque without 
bending to be measured, together with, say, the 
analysis of principal stresses, etc., from rosette 
type gauges. 


Mr. W. BLACKLOCK 


When combined stresses are dealt with in 
engineering practice there are a number of 
different theories at our disposal all outlined 
at length in any text book on “Strength of 


Materials”. These theories have been with us 
for a number of years and have either been 
deduced from the mathematical theory of 
elasticity or based on the results of experiments 
in which only static or slowly varying strains 
could be measured by the “delicate mechanical 
extensometers” available at that time as the 
Author mentions in his first paragraph. Since it 
appears that rapidly varying strains can now be 
measured it would be of interest to know 
whether the results of strain gauge experiments 
have either supported or cast doubt upon these 
theories. 


It would also be of interest to know whether 
the stresses acceptable by the Society are justified 
by the results of strain gauge Investigations. I 
have in mind dished ends and shells of boilers 
and particularly the stresses in crankshafts. 


Certainly the results of recent strain gauge 
investigations carried out by the British Ship- 
building Research Association on shrink fits of 
crankshafts appear to deviate from the classical 
theory of Lamé for thick cylinders. It may be 
mentioned that although the Author states that 
10-15 megohms is an acceptable range, gauges 
failing to pass a 100 megohm test in the above 
investigation were replaced. 


Finally, it is interesting to note that strain 
gauges have been successfully applied to 
propeller blades under water but could the 
Author state whether the use of strain gauges in 
oil-laden atmospheres obtaining in engine crank- 
cases or turbine gearcases presents a more 
difficult problem. 


Mr. K. V. TAYLOR 


Though this subject is outwith the everyday 
use of the average surveyor, this paper does 
indicate to them that strains and consequently 
stresses are not conjured up out of a hat, nor are 
they the easiest of things to measure ; their very 
existence often being detected by a fractional 
change in resistance in a piece of wire. For this 
reason, and because of the discussion which this 
paper will produce between those connected 
with, or actively engaged on, research, the 
Author is to be congratulated on his Paper, and 
though I have one or two remarks to make, they 
serve merely to amplify, rather than criticise. 


Two types of electric strain gauges were men- 
tioned with reference to the United Kingdom 
and the United States of America. Recently, in 


this country, a third type has been developed— 
the Foil Strain Gauge—and research on it has 
been undertaken by the Electronic Division of 
Saunders-Roe, Ltd. The gauge (Fig. 1) consists 
of a copper-nickel foil, approximately one half a 
thousandth of an inch thick, and a resistance of 
55 ohms, backed with epoxyethylene (Araldite) 
lacquer. A number of advantages are claimed 
for these gauges. They will carry a much higher 
current than the 10 ma. of orthodox gauges and 
sufficient for a self-heating curing technique to be 
developed. There is no difficulty in consistently 
achieving resistances between 5 and 10 thousand 
megohms, though the adhesive techniques are not 
so simple as for the wire/paper gauge. I under- 
stand, however, that tests with these gauges were 
carried out on a propeller of a destroyer while at 
sea, and they are ideally suited for this work, due 
to their thinness and their high insulation resist- 
ance in sea water. I have not used the gauges 
myself, though I thought of getting a number to 
gain experience with them for future use ; in any 
case, for our present work at Glengarnock with 
static loadings, the orthodox gauges are quite 
satisfactory. 


Reference has been made to the “milky” 
appearance during the application of “Durofix’”, 
caused by the presence of moisture. Originally 
we used a large tin of High Solids Durofix, and 
after a while we began to get trouble with the 
insulation resistance of our gauges. This was 
traced to moisture in the adhesive and the 
trouble was eliminated by the use of small house- 
hold tubes which, incidentally, I believe is the 
practice of the engineering research also. 


Finally, Fig. 2 is to remedy the absence of a 
photograph showing a distribution of gauges, 
and shows a specimen consisting of part of a 
corrugated bulkhead with a deep web girder 
attached. Strains were measured at two main 
sections on the web and rosettes in way of stress 
concentrations. 


Mr. J. A. ROSS 


The Author is to be congratulated on a very 
comprehensive paper on strain gauges. 


ITEM 4 
The writer is not aware of the size of buff 
to which the Author refers, but work at 


Glengarnock shows that “buffing” is not com- 
pletely satisfactory as the buff tends to bite into 


the plate. Practice at Glengarnock is “buffing” 
followed by the use of “Emery” paper. Possibly 
the best instrument is a revolving disc, to which 
is attached a flat circular sanding paper. This 
gives the necessary finish without creating a 
broken surface. 


Item 5 (6) 

The use of a plastic material of good insula- 
tion properties, which could be sprayed over the 
gauges from a gun, such as was used to “cocoon” 
redundant war material, is an_ interesting 
possibility which might be worth investigation. 
It would save a lot of time although initial cost 
might be too high? 


Item 5 (c) 

The writer wishes to know if the Author has 
any data on the insulation resistance of ‘‘Prestik” 
under all possible working conditions? 


ITEM 6 
_ In the work at Glengarnock, one of the strain 
measuring instruments is a Tinsley galvanometer, 
and this has been used with satisfaction although 
the instrument is very sensitive to vibrations 
from adjacent machinery. Vibration effects can 
be reduced by fitting sponge rubber feet to the 
instrument box. 


ITEM 7 

The Author does not deal with the various 
arrangements of strain gauges to suit the various 
types of stresses requiring investigation. 


Some arrangements are shown in Fig. 3 which 
may be of interest to readers of this paper and 
discussion. 


Mr. T. E. DARBY 
A few remarks on an installation of strain 


gauge circuits might be of interest to readers in 
amplification of Mr. Cogman’s excellent paper. 


This is for a new machine recently set up at 
Glengarnock for the testing of ships’ structures, 
and capable of loads of 600 tons axial and 300 
tons lateral on specimens 24 feet long. Though 
built by the Shipbuilding Research Association, 
the establishment is staffed by members of 
Lloyd’s Register. 


The strain readings on this machine are taken 
on Philip’s static strain meters, which are set up 
in a small office. A permanent wiring system is 
installed between this office and the machine, it 
being necessary only to connect to junction boxes 
in the system to complete the individual circuits 
on the specimen. A diagrammatic arrangement 
is shown in the accompanying sketch. (Fig. 4.) 


On the present specimen, 133 active strain 
gauges are used, and in order to reduce the 
consumption of strain gauges, one dummy (or 
temperature compensating gauge) is made to 
serve a group of four or five active gauges. A 
turn of the switch connects any particular gauge, 
complete with its dummy, to the meter, thus 
enabling all 133 readings to be taken in the space 
of twelve minutes or so. 


As the Author points out, the changes of 
resistance to be measured are very small and a 
very high standard of workmanship in attaching 
gauges and soldering joints is required, and dirty 
or slack terminals in switches can lead to faulty 
readings. Fortunately, such errors are generally 
very easily detected as the discrepancy is usually 
very large, quite frequently being completely 
outside the range of the measuring instrument. 


A steam heating system installed around the 
machine maintains the specimen at a reasonably 
constant temperature which greatly reduces 
errors due to temperature changes, and, incident- 
ally, adds considerably to the comfort of the 
operators. 


AUTHOR’S 


The writer wishes to express his thanks to all 
of those who contributed to the discussion. The 
delay in replying to the many interesting com- 
ments is regretted, but has been inevitably due 
to the further use of strain gauges in the many 
spheres of activity of the Engineering Research 
Dept. 


To Mr. G. O. WATSON 


The writer agrees that the use of a high voltage 
megger is not ideal but, as Mr. Watson has 
stated, the cramped range of high resistances of 
the normal ohm meter has necessitated the use of 
the megger. More recently, a 250-volt megger 
has been procured which has removed the danger 
of piercing the thin insulation afforded by the 
paper body of the strain gauge. 


With regard to the use of Eureka wire in strain 
gauges, the obvious advantage that this material 
offers as compared with nichrome, that is to say, 
its low temperature coefficient is often out- 
weighed by its lower specific resistance, which 
results in a physically larger gauge element for a 
given value of overall resistance. In low- 
resistance gauges of the order of 100-200 ohms, 
however, it is now almost universally used. 


It should perhaps be added that the physical 
size of the gauge is important as it affects the 
cement drying time to a great extent. 


Also, the fact that the strain sensitivity of 
Eureka is some 20 per cent lower than that of 
Nichrome no doubt influenced the use of the 
latter in early developments. 


To Mr. J. MCAFEE 


Mr. McAfee’s reflections on the development 
of the Society’s surveying activities are a most 
interesting sidelight on the changing times in 
which we live; life is becoming, regrettably 
perhaps, more and more specialized and in 
technical fields one is nowadays seldom able 
fully to appreciate and keep pace with all aspects 
of a subject. 


With regard to machinery and _ structural 
failures occurring at low or moderate nominal 
stresses; the matter is one receiving an increasing 
amount of attention; cases have been investi- 


REPLY 


gated in recent years, in which quite nominal 
stresses, particularly in welded structures, have 
been accompanied by failures apparently due to 
fatigue. 


The foil strain gauge, introduced in the period 
1953-54, has certain features which may eventu- 
ally cause it to replace the wire gauge ; its use is 
limited by the low resistance values which it is at 
present possible to produce. 


Strain gauges have been employed at elevated 
temperatures, in fact up to a dull red heat, but 
such gauges have been specially constructed and 
applied, using vitreous cements. Foil strain 
gauges are now available for high temperature 
application and seem to be ideally suited to this 
work, except for their low resistance value. : 


Measurement of static strains at high tempera- 
tures is complicated by the difficulty of providing 
good temperature compensation. 


To Mr. S. ARCHER 


The limitations in use of E. R. strain gauges 
for investigation of stress raisers are generally 
the limitations in the satisfactory operation 
which can be achieved when the overall length 
of the gauge is small. The most important 
limitation is perhaps the fact that, for a given 
resistance, the gauge width must be increased as 
the length is diminished, producing a short wide 
gauge which may only be suitable for flat 
surfaces. Stress raisers are usually associated 
with sharp radii and sudden changes of section, 
particularly on circular-section members, such 
as shafts ; therefore, the application of short-base 
gauges to these surfaces is difficult to envisage, 
except perhaps under laboratory conditions. 


Duplication of gauges such as Mr. Archer has 
mentioned for doubtful cases is, in fact, 
employed in many applications where direct 
calibration is not possible. 


The Desynn type of gauge, such as is used 
to augment strain gauge readings in static tests, 
is a deflection indicator operating by purely 
electrical means. The deflection, relative to the 
casing of the “transmitter” unit, causes the 
moving contact of a variable potential divider 
to alter its position. The resulting change of 


voltage is applied to a needle-type indicating 
instrument calibrated in suitable units. By means 
beyond the scope of this note, the system is made 
largely independent of supply voltage variation 
over a surprisingly wide range, satisfactory 
operation resulting from a supply of anything 
between some 10 and 30 volts without affecting 
the calibration. 


During the production development of the grid 
type of strain gauge at the de Havilland Aircraft 
Co., the writer had occasion to test some rosette 
gauges attached in random positions to a 
3 in. x 1 in. section duralumin beam subjected to 
pure tension. 


Surprisingly accurate results were obtained 
when the tensile load in the beam was computed 
from the triaxial gauge readings, the maximum 
error in magnitude of the principal stress being 
5 per cent and in direction 8 per cent. 


The writer apologises for the error in stating 
the formule on page 4; this was due to a print- 
ing error which was not noticed on first reading ; 
this was pointed out on the occasion of the 
reading of the paper, the correct formule being 


sR _ 4x 

Bina Rocka no Ze 
$L me 4x 
1? SX PY FZ) 


which, if X=Y both reduce to the forms which 
Mr. Archer has deduced. 


The modulation referred to in page 5 is 
naturally amplitude modulation, which occurs 
at the vibration frequency. At the bottom of 
page 5, second column, the sentence should 
read “ .... slip-ring resistance variations are 
reduced.......:.” 


To Mr. Boyp 


Mr. Boyd, in his interesting survey of the early 
application of gauge to shipbuilding and ship- 
welding problems, mentions the progress in strain 
gauge techniques in the past 15 years or so. This 
progress has, in fact, led to the adoption of strain 
gauges as the sensitive element in various instru- 
ments as Mr. Boyd has mentioned. Regarding 
the remarks concerning the limited waterproof- 
ing properties of “Bostik” adhesive, similar 
results have often been observed by the writer, 
and the best material so far used for this purpose 


has been found to be “Araldite”, a cold-setting 
resin which is easy to use and reasonably certain 
in results. However, the perfect gauge coating 
for underwater working has yet to be found. 


To Mr. R. P. HARRISON 


Mr. Harrison’s comments on the adhesion of 
the gauges used on the Double Bottom Com- 
pression Tests are evidence of the reliable 
adhesion which can be obtained under good 
working conditions. The gauges in question 
were applied in warm, dry surroundings at 
Messrs. Dorman Long & Co.’s test house where 
the specimens were loaded. 


The high cost of E. R. strain gauges is due 
solely to the skilled labour employed in their 
construction and manufacture. 


The writer was responsible for the develop- 
ment of large-scale manufacturing techniques 
at the De Havilland Aircraft Co. Ltd. where, at 
the peak period in 1944, some 800 gauges per 
week were consumed. 


While materials for a large batch of gauges 
cost only a few pence, accurately controlled 
manufacturing processes and the eye-straining 
nature of the work, which is also highly mono- 
tonous, multiply the material costs many times. 


No satisfactory method of re-using strain 
gauges has been found. 


Finally, while the final points Mr. Harrison 
mentions are of interest, they fall outside the 
immediate scope of the present paper; their 
inclusion in an appendix, which would also 
describe in greater detail certain aspects of 
application in Marine Engineering problems is 
under consideration. 


To Mr. W. BLACcKLOCK 


As far as is known, no very significant 
differences have been found from the established 
standards of fundamental material properties 
by the use of E. R. strain gauges. 


The mechanical extensometers used for 
material testing work, while delicate, are, never- 
theless, extremely accurate ; the resistance strain 
gauge is, rather, an engineer’s tool compared 
with the former and does not in any way seek 
to displace the mechanical instrument from its 
accepted usage, but to enable strain mieasure- 
ments to be made under conditions where the 


use of mechanical apparatus may be difficult or 
even impossible. 


Certainly, work which has been carried out, 
largely in the U.S.A. on sound transmission in 
solids has, it is believed, largely supported exist- 
ing theory. 


The measurements of crankshaft strains has 
been more recently undertaken and, due to the 
difficulty of installation of the gauges and wiring, 
only one type of crankshaft, namely, the Doxford 
pattern, has so far proved amenable to measure- 
ment. 


Certain features of the results obtained up to 
the present are in divergence from simple theory 
in respect of the bending loading of webs, but it 
must be borne in mind that the shaft in question 
is hardly of basic design. The use of strain 
gauges, either under water or in oily surround- 
ings, implies suitable protection of the gauges 
and wiring ; under both water and oil Araldite is 
satisfactory at normal machinery operating tem- 
peratures, providing that the surfaces under test 
are thoroughly cleaned for its application. 


To Mr. K. V. TAyLor 

As Mr. Taylor observes, the use of foil gauges 
is often deferred by the user due to the adequacy 
of normal paper backed gauges, and their cost 
of installation. One disadvantage of these gauges 
will remain unless they are produced with higher 
resistance values, and that is that their use via 
slip-ring connections is appreciably more diffi- 
cult than normal wire gauges of, say, 2,000 
ohms resistance. The writer wishes to thank 
Mr. Taylor for submitting the excellent photo- 
graph of gauges installed on a bulkhead section. 


To Mr. J. A. Ross 
ITEM 4 

The term “buff” is undoubtedly a little vague ; 
it has been found that the tendency for the buff 
to bite is avoided by allowing only one edge of 
the wheel to come into contact with the material 
and then moving the buff in a direction parallel 
to its axis of rotation. Some skill is required in 
maintaining the correct pressure on the buff to 
avoid “ridging” the material. 


An emery disc sander is usually a better pro- 
position but is not always available in shipyards. 
ITEM 5 (b) 


“Cocooning” materials have in fact been used 
by the engineering research department for 
waterproofing, but are not very satisfactory where 


adhesion to metal is concerned, unless complete 
coverage of the whole specimen is possible. This 
is usually impossible, as open edges are neces- 
sary, and ingress of moisture seems to occur here 
at quite low pressures. Also, many of these 
materials employ acetone as a solvent, which 
may damage the adhesion of the gauge. 


IreM 5 (c) 

The writer has only experience of “Prestik” 
under severe working conditions when covered 
with a layer of “Bostik”? No. 1265 dried off with 
a powerful electric lamp. 


Under such conditions, satisfactory insulation 
has been maintained under several feet head of 
water over at least six weeks. 


ITEM 6 

The writer is not greatly enamoured by D.C. 
bridge methods since in all cases the results 
obtained are no better than with A.C. bridges 
and may, in unfavourable circumstances, be 
inferior. 


The necessity for a sensitive galvanometer for 
D.C. bridge working, plus the fact that thermo- 
electric or electrolytic potentials can induce 
(normally small) errors are disadvantages not 
exhibited by instruments such as the Philips or 
Baldwin static strain bridges, which are self- 
contained, easily portable and probably far 
quicker in operation than D.C. types. 


ITEM 7 

The use of gauges for complex strain analysis 
was felt originally to be beyond the scope of an 
introductory paper. 


As the discussion has shown, however, con- 
siderable interest in the matter exists and the 
writer thanks Mr. Ross for including in his 
contribution the sketches showing the application 
of gauges to plate specimens. 


To Mr. T. E. DARBY 


Mr. Darby’s description of the Glengarnock 
installation and his mention of the steam heating 
system are interesting as a description of a 
laboratory strain measuring installation. 


The steam heating arrangement appears to be 
an ideal system for providing sufficient excess 
heat to ensure that satisfactory temperature 
stability is maintained. 


It would be interesting to know whether or not 
thermostatic control is used and if so, if its effect 
on the stability of readings is known. 
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SOME NOTES ON 
BOILER, AIR RECEIVER AND SHAFTING 
CALCULATIONS 


By W. BLACKLOCK 


SCOPE OF THE PAPER 
oes paper has been written to provide a 


working knowledge of the calculations 

used in approving plans of boilers, air 
receivers and shafting for Surveyors who have 
not had the opportunity of passing through the 
Engine Plans Department of Head Office. It is 
well known that the Rule Book has its limitations 
and it is hoped that the following notes will com- 
plete the gaps with information supplied from 
records in the Office. 


BOILERS 
CYLINDRICAL MULTI TUBULAR BOILERS 


The first plan to which a Surveyor is intro- 
duced after being appointed to the Engine Plans 
Department is that of a riveted Scotch boiler, 
officially described as a riveted cylindrical multi 
tubular boiler. An actual boiler calculation sheet 
used in the Office is illustrated and by reference 
to this sheet and the boiler plan in Appendix I 
the caleulations ean be followed step by step. 
The symbols are those used in the Rule Book. 


Before proceeding further, however, it is inter- 
esting to note some of the history associated with 
the design of marine boilers. 


History. 

Up to 1918 marine boilers could be designed to 
a wide variety of Rules and Regulations, much 
to the exasperation of the boilermakers, and with 
a view to standardising the component parts the 
British Marine Engineering Design and Construc- 


tion Committee was appointed on which both 
Lloyd’s Register and British Corporation were 
represented. 


After a study of the Rules of various Classifi- 
cation Societies, the Admiralty and the Board of 
Trade, together with the results of experiments 
and experience of boilers in service, a report was 
issued which formulated Rules for the scantlings 
and manufacture of horizontal cylindrical boilers. 


Having paved the way for the Classification 
Societies and the Board of Trade to agree upon 
one set of Rules and Regulations for general use 
the Board of Trade was then approached to take 
the lead. Shortly afterwards a conference was 
convened by the Board of Trade in 1920 consist- 
ing of representatives of Lloyd’s Register, British 
Corporation and Bureau Veritas for the “Unifica- 
tion of Rules for the Construction of Marine 
Boilers” in which practically all the reeommenda- 
tions of the British Marine Engineering Design 
and Construction Committee were accepted. 


The above Authorities then adopted the Unified 
Rules which first appeared in the Lloyd’s Register 
Rule Book for 1920-1 and, as far as tthe scant- 
lings are concerned, remain unchanged today. 


SHELL. 

The strength of the shell plate is first con- 
sidered by calculating the efficiency of the 
longitudinal joint in the shell of which the most 
common type is the treble riveted double butt 
strap joint with each alternate rivet omitted in 
the outer row shown in Fig. 1. 


bo 


Fig. 1. 


(i) This joint may fail due to the plate tearing 
between the rivets in the outer row :— 


Strength of plate _(p—d) x §,xT 


Strength of solid plate Sue Daca 
“. % Strength of plate = meen 
(ii) This joint may also fail by all the rivets 


shearing :— 


Strength of rivets OS, Saxe iscG) 


Strength of solid plate Six Pot 
wee LOS ok a xn xC) 
See Strengtl f ts = 2 © 
% Strength of rivets A METI 


(iii) With this type of joint there is also the 
possibility of the plate tearing at an inner 
row, but in addition, this would require 
the rivet in the outer row to shear so that 
the strength of the joint will be repre- 
sented by the combined efficiency of plate 
strength at the inner row and the rivet 
strength at the outer row :— 

__ 100 (p — 2d) + 100(S, x a x C) 

p Sao hea F 

Failure of the joint could also occur by the 
butt straps tearing or the plate tearing 
between the edge of rivet hole and edge of 
plate, but these considerations are allowed 
for in the calculations for butt strap thick- 
ness and rivet spacing. 


(iv) The possibility of more than three screw 
stays in a horizontal line piercing the shell 
could arise in way of the side stays of the 
wing combustion chambers. However, this 
ealeulation is rarely necessary nowadays 
owing to the fact that practically all boilers 
now being made are single-ended whereas 
double-ended boilers generally had longer 
combustion chambers which required three 
or more stays for support. 


The least efficiency of the four outlined above is 
used in the next calculation for the working 
pressure of the shell but in no case is a higher 
efficiency than 85 per cent allowed. 


It is a theoretical fact that longitudinal joints 
can be designed with a large number of rivets per 
pitch giving caleulated efficiencies greater than 
90 per cent. However, it is not considered it can 
be assumed that each and every rivet will bear a 
proportionate share of the load due to steam 
pressure and the Society has for many years 
adopted the practice of limiting the calculated 
efficiency of any type of riveted joint to 85 per 
cent of the solid shell plate, unless a series of 
tests on full size specimens of riveted joints be 
carried out to confirm higher efficiencies. 


The formule used for determining the work- 
ing pressure of the shell are based on the thin 
cylinder theory using a Factor of Safety of not 


less than four, based on the U.T.S. The actual 
Factor of Safety employed depends on the thick- 
ness of the shell plate and the type of riveted 
joint and may be determined by transposing the 
following formule, remembering that “t” in the 
Rules is in 32nds of an inch and “S” is in tons 
per square inch :— 

WP of a seam- 


2t x Circumferential Stress 
less shell =f" ances oe 


D 


+, Circumferential 
Stress 


Joh WF oD x88 


ot 
— 
WP by Rule = eae < xd 
2240 
Sin Ibjint = WP ey 24 
s 


Factor of Safety = <.— 
Factor of Safety Circumferential Stress 
C x 2240 x 2t 
~ 82x J x (t—2) 


Taking J as 100 per cent as in a seamless 
shell :— 


Factor of Safety= 1-4C x a 
Considering a shell 13 in. thick with a double 
butt strap joint :— 

D6 


Factor of Safety= 1-4 x 2-75 Kee po 09 
Dew 27 


When the shell thickness exceeds 13 in. :— 
Factor of Safety= 1-4 x 2°85 = 3-99 
Going to the other extreme and considering a 
shell thickness of 3%; in. and a single riveted lap 
joint :— 
Factor of Safety= 1-4 x 3°3 x '- Me enya 
é Oe v= ne ae sae 
It should be mentioned that 3% in. is regarded as 
the minimum thickness of shell plate to ensure 
tightness of the riveted seams. 


Nowadays with boiler feed water treatment in 
general use even for Scotch boilers corrosion of 
the shell internally and externally is little thought 
of, but steel plates have always an imperfect 
surface due to mill scale and other similar causes 
and also a certain amount of unevenness. It as 
therefore reasonable to assume in the Rules that 
the real operative thickness of shell plates may 
be .2, in. less than that determined by order or 
specification. 


B 


In the case of flat plates and furnaces}, in. 
is considered sufficient, for this purpose. 


It sometimes happens that a boiler shell plate 
is finished somewhat thinner due to imperfections 
in rolling and the boilermaker not wishing to 
scrap the plate applies for its acceptance on 
account of the results of material tests and if the 
plate is otherwise sound this is in order, provided 
the minimum thickness used in conjunction with 
the actual U.T.S. in the Rule formula gives a 
working pressure not less than that proposed. 
However, it is not desirable that the thinned 
areas of the plate be in way of the longitudinal 
seam. 


Where the longitudinal seam is covered by butt 
straps they must be designed not only to resist 
the tensile load on them but with a sufficient 
thickness to permit of the edges being properly 
caulked without springing and this is allowed for 
by making them § times the thickness of the 
shell plate. However, in the type of joint under 
consideration the weakest place in the straps is 
at the inner rows where there are two rivet 
diameters in a pitch and the thickness of the 


(p — d) 
(p —2d) 


In special cases where the thickness of the 
shell plate is purposely made thicker than Rule 
requirements the thickness of the butt straps 
may, of course, be based on the Rule thickness of 
the shell plate. 


straps must be increased in the ratio 


It should be added here that scarfing of the 
inner butt strap where the end plate joins the 
shell plate is now rarely carried out and the 
modern practice is to have the inner butt strap 
stopped short, just clear of the end plate, and 
electrically welded to prevent leakage. It there- 
fore follows that the longitudinal seam 3s not 
completely covered by the inner butt strap and 
it is permitted to weld this seam without subse- 
quent stress-relieving provided the length of 
weld is not excessive. 


In some cases it is also the practice to have 
the outer butt strap stopped short of the end 
plate lap and this is acceptable provided the 
distance between the centres of the circumfer- 
ential seam rivets and the nearest rivets in the 
butt straps (D) does not exceed 44 times the 
mean diameter of rivet holes in the circumfer- 
ential and longitudinal seams as indicated in 
Fig. 2. 


INNER BUTT STRAP 
SCARFED 


RIVETING. 


The rivet spacing of various types of joints 
are illustrated on the reproduced calculation 
sheet in Appendix I and are designed to prevent 
the plate tearing between the edges of the rivet 
holes. It may be thought unnecessary to empha- 
sise that in all calculations involving riveted 


joints “d” represents the diameter of the rivet 


hole as the rivet is usually made ys in. smaller 
in diameter but takes up the size of the hole 
after riveting. The Author, in his early experi- 
~ ence, well remembers the mistake, subsequently 
corrected, of course, of using the actual diameter 
of rivet. 


It is obvious that some limit must be placed on 
the pitch of rivets so that steam tightness ean be 
maintained without the need for excessive caulk- 
ing. Like many other design problems this 
cannot be arrived at by theoretical considerations 
and experiments were carried out which supplied 
the simple formula for determining the maximum 
pitch of rivets. 


This formula was issued by the Board of Trade 
in 1898 and was based on experiments carried 
out by Prof. Kennedy in conjunction with Mr. 
Traill who was the Engineer Surveyor in Chief 
of the Board of Trade. 


A large number of riveted joints were made to 
widely varying designs and subjected to destrue- 
tive tests the object being primarily to ascertain 
their strength for the purpose of comparison. 
At that time it was not possible to experiment 
with such heavy plates and joints as are now put 
into boilers. The tests, therefore, only covered 
plates up to about 1 in. in thickness and joints 
with four rivets per pitch. 

The maximum pitch then allowed was 103 in., 
but this was omitted in the British Marine 
Engineering Design and Construction Committee 
Rules of 1918 no doubt due to the great increase 
in the thickness of plates used in modern boilers 
and in the improvement in riveting appliances 
now used which enable boilermakers to effectively 
close very large rivets. 


INNER AND OUTER BUTT 
STRAPS STOPPED SHORT 


As the longitudinal stress in the shell is half 
that of the circumferential stress the cireumfer- 
ential end joint need only be half as strong as 
the longitudinal joint with an efficiency of 424 
per cent or, say, 42 per cent. Such a low effici- 
ency can easily be obtained with a single-riveted 
or double-riveted lap joint and in this ease it is 
only necessary to consider the plate and rivet 
percentages. 


In long boilers a stronger joint is necessary 
for the circumferential intermediate seams with 
efficiencies of 60 per cent and 62 per cent for 
single-ended and double-ended boilers respec- 
tively as it has been found that the shells of such 
boilers are apt to become slightly oval due to the 
horizontal staying of the combustion chambers. 
This tendency to barrelling, as it is sometimes 
called, makes it difficult to keep these inter- 
mediate seams tight and it becomes necessary to 
treble-rivet these seams depending upon the 
thickness of the shell plate. 


Tt will be noted that only the shell joints have 
been caleulated with regard to strength and 
design and with the exception of the riveting of 
the manhole compensation plate on the shell no 
other riveted seams are considered. It may be 
prudent to enquire why no regulations govern 
the design of the remaining seams, e.g., end plate 
cross seams and combustion chamber seams, but 
in these eases it is only necessary to use simple 
lap joints since the primary function is to hold 
the plates together so that the seams may be 
eaulked steam tight. Theoretically there is no 
tendency to tear the plates or shear the rivets 
since the plates are all held in position by stays 
and the strength of the riveted seams need not 
therefore be considered. 


FURNACES AND COMBUSTION CHAMBER 

Borrom PLares. 

The formula for caleulating the working pres- 
sure allowed on corrugated furnaces was derived 
from the results of experiments carried out 
between 1891 and 1904 under the supervision of 
the Society and other Authorities. Various types 


of corrugated furnaces having different thiek- 
nesses and diameters were each tested by enclos- 
ing in a steel cylinder, the space between the 
cylinder and furnace being filled with water 
which was pumped up until the furnace collapsed 
under external pressure. The Rule formula is 
based on the collapsing pressures thus obtained 
in conjunction with a Factor of Safety of 
approximately five, based on the U.T.S. 


It will be noted that a length factor is not 
considered in the formula as the tip of each 
corrugation is accepted as a point of support. 
However, with plain furnaces the length is im- 
portant as failure due to buckling may oceur and 
in order that the line of rivets connecting the 
back ends of plain furnaces to the combustion 
chamber bottom plating may be considered as a 
point of support the thickness of the C.C. bottom 
plate should not be less than that given by the 
formula :— 

(Ex T= (hseat) 

B 

L = Total length. 
T = Thickness required for plain furnace of 

length L. 
|= Length of furnace. 
t = Actual thickness of furnace. 
B= Overall width of C.C. bottom plate. 
All dimensions being in inches 
(see Fig. 3). 


Where the thickness of the C.C. bottom plate 


where: — 


is less than that required above and where no 
saddle or supporting bar is fitted the case is dealt 
with by using the total length “L” instead of “1” 
for determining the working pressure allowed on 
the plain furnace. 


Experiments had been carried out to determine 
the collapsing pressures on plain furnaces long 
before corrugated furnaces were used and by 
adopting a Factor of Safety of approximately 
nine the first formula was derived. In order to 
safeguard against too high a working pressure 
being allowed on short furnaces the second 
formula was introduced which limits the crush- 
ing stress to about 5,0001b per square inch. 


Where the ends are adequately supported by 
the flanging of the C.C. back plate and back tube 
plate, cylindrical C.C. bottoms may be considered 
self-supporting if the plate thickness conforms 
to the Rules for plain furnaces. If the full con- 
stants for welded seams (1,450 and 50) are to be 
used the thick chamber bottom plate, or the 
thicker portion in the case of a wrapper plate 
having two thicknesses, should extend up suffici- 
ently on each side to take in the lowest row of 
side stays. 


Fiat PLatss. 

There have been, and no doubt there will be 
many more, theories concerning the strength of 
flat plates and although the principal stresses 
appear to be incapable of mathematical deduc- 
tion it is generally agreed that the working 


Fig. 3. 
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pressure allowed on a flat plate depends on its 
thickness, the manner in which it is supported 
and the distances between points of support. 


The earliest experiments appear to have been 
carried out by Traill in 1881 and 1885 under the 
supervision of the Board of Trade in which 
boxes, made with flat plates of varying thick- 
nesses supported by stays secured in different 
ways, were tested hydraulically and deflection 
readings taken at regular increments of pressure. 
The results obtained could hardly be said to have 
supplied conclusive evidence on the strength of 
flat plates as in the majority of cases the tests 
were stopped by excessive leakage at the stays. 
However, the evidence that was produced appears 
to have supplied sufficient data for the determ- 
ination of coefficients for various types of stay 
attachments. 


When the Unified Rules referred to earlier 
_were being drawn up in 1918 the formula for 
ealeulating the working pressure on flat plates 
was modified and new coefficients were adopted 
but their origin was still based on these early 
experiments. In fact one well-known Super- 
intendent Engineer on ‘the British Marine 
Engineering Design and Construction Committee 
voiced the opinion that he thought it essential 
that carefully conducted experiments should be 
carried out by some competent Authority on the 
subject when it is probable, judging from thin 
plating in old boilers, it would be found that a 
far higher Factor of Safety than necessary was 


being adopted. 


In 1943 experiments were carried out by the 
Research Department of the Society but only to 
determine whether stays welded in flat plates 
gave a support comparable with the conventional 
screwed type of stay. A specially constructed 
steel box was used which closely represented the 
combustion chamber of a Seotch boiler. The 
sides were supported by stays, one end of which 
was welded in the side plate and the other end 
screwed and nutted. On subjecting the box to 
hydraulic pressure, strains were measured by 
means of strain gauges, the results of which in- 
dicated. that the welded stay ends gave ample 
support to the plate. 


Fig. 4 shows various types of both screwed 
and welded stays and stay tubes and their allow- 
able coefficients. It should be added, however, 
that other forms of stays are sometimes used, 
particularly by Continental boilermakers, but an 


equivalent coefficient can always be allotted by 
comparison with the illustrated examples. 


In general when calculating the working pres- 
sure allowed on flat plates a circle or rectangle 
is drawn through three or more points of support 
and the square of the diameter or diagonal, as 
the case may be, is taken in conjunction with the 
average value of the coefficients and used in the 
formula :— 


wees 
WPS a? 4b? 7 


(See Fig. 5.) 


The points of support should be fairly sym- 
metrically spaced, and in the ease of a circle 
should not lie all on one side of a diameter. It is 
usual to find that when taking four points they 
do not form a rectangle but a trapezium, in which 
case the mean length of the parallel sides should 


be used for “a” or “b”. 


C(t — 1)? 
eer 


It will be seen at this stage that the previous 
calculations have been based on actual dimensions 
printed on the plan. However, in this section it 
is necessary to scale dimensions when drawing 
the required circles, and a reasonable question that 
may be asked is whether this is justified in view 
of the small scale used in drawing the plan and 
the inevitable distortion which takes place when 
a blueprint is prepared from the original tracing. 
In cases where any doubt exists the space is 
drawn out to a much larger scale and re- 
calculated. 


Referring now to the boiler plan and caleula- 
tion sheet in Appendix I, the top end plates are 
first considered, and it will be seen that these are 
supported by the main longitudinal stays and 
also the stiffening effect of the flanging. The first 
step is to determine the extent of support of the 
flanging radius and draw a line parallel to the 
shell curvature indicating this support. When 
the inner flanging radius is equal to, or less than, 
23 times the plate thickness then this line will be 
coincident with the commencement of flange 
curvature. Where the inner flanging radius 
exceeds that stated above, and with end plates it 
usually does, then the line will be limited to a 
distance equal to 34 times the plate thickness 
from the shell plate, ie. 24¢ + t. In all cases 
any point of support taken on this line will have 
a coefficient of 110. 


The spaces (A), (B) and (C) are now tried, it 
being noted that loose washers have been fitted to 
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Fig. 4 continued. 


give greater support to the plate, and since their 
proportions satisfy the Rules the coefficient for 
each stay can be increased from 96 to 110 as 
calculated. Coming farther down between the 
tubes and stays two thicknesses of plate are in- 
volved, but in most cases the end plate cross seam 
is closer to the tubes and with the doubling effect 
of the lap joint the operative thickness may be 
taken as that of the thicker plate. When this 
lap joint is closer to the stays, however, the mean 
thickness of the two plates should be used. The 
corner space (D) is now tried, and it should be 
noted that where there are two adjacent stay 
tubes, as on the plan, the coefficient for one of 
them may be increased from 52 to 63. Coming 
next to space (E), the distance between the stay 
tubes is naturally increased due to the wide water 
space, and from the result obtained it would 
appear at first sight that the plate thickness is 
insufficient. As this particular area rarely 
satisfies the Rules in a straightforward manner it 
has been redrawn in the top left-hand corner of 
the plan for closer attention. The next step, then, 
is to try space “abde” which embraces the riveted 
strip on the front tube plate, the effect of which 
increases the coefficient of the stay tubes “e” and 
“a” from 52 to 82-6 and gives a satisfactory 
working pressure. It may be added, however, 
that riveted strips are more the exception than 
the rule, and where these are not fitted it may be 
necessary to try spaces “abef”,“abed” and “fede”, 
thus covering the whole area. If these do not 


work out then the whole area could be accepted 
slightly below the required working pressure if 
the stay tubes “f” “ce” “d” and “e” are all fitted 
with nuts. 


Theoretically, then, it would appear that in 
some boilers this space may be subject to slight 
deformation, but this is not so in the Author’s 
experience and it would be interesting to hear 
the experience of others on this matter. 


vir darte te 


Fig. 5. 


At this point it is usual to check the opposite 
end of the boiler at spaces (F) and (G) but 
generally these are satisfactory as the nutted 
stays have a higher coefficient than the stay tubes 
at the front end. 


Proceeding to the wide water space of the 
front tube plate, spaces (H) and (I) are caleu- 
lated in the latter case taking the flange curvature 
in way of the furnace mouth as a point of 
support with a coefficient of 110 as no flame 
impinges at this point. 


For spaces in the nests of the tubes conditions 
are slightly different as the area occupied by the 
tubes reduces the total load due to steam pressure 
and a somewhat modified formula is used in con- 
junction with different values of coefficients for 
the stay tubes. Space (J) is calculated on the 
back tube plate, which is always thinner than the 
front tube plate. It should be added that plain 
tubes are not considered to offer any support to 
the tube plates, even when the ends are beaded 
over. 


In addition to the direct load the back tube 
plate has also to withstand a compressive stress 
which is caused by the C.C. girder ends bedding 
directly on the top flanging of the plate. Refer- 
ring to Fig. 6 and considering the steam load on 
the shaded area it will be seen that one half of 
this load will be transferred to the back tube 
plate by the girders. This load is resisted by the 


es TUBE PLATE 


Fig. 6. 


area of metal between the tube holes together 
with the metal of the tubes and a maximum com- 
pressive stress of 14,000 lb/in? is allowed :— 


i.e. 14,000 = wP wy x Ip = Ort 
__ 28,000 (D—d) xt 

we ro Woeb 

or WP = 875 x CE, 


with “t” in 32nds. 


The girders are designed to withstand a stress 
of 11,880 lb/in? for material having a minimum 
U.T.S. of 28 tons/in?. Considering a girder 
supported by a single stay as in Fig. 7, the load 
on the stay is taken as that due to pressure on 
the shaded area, the remaining area being con- 
sidered self-supporting :— 


Load on stay | = Load on girder 


= (EE —'iP)ix Dew 


-, Maximum 
ing Moment 


Bend- (L __ py), x D x WP XL 
= Se 


Modulus of girder tx d? 


section =— 
) 


*. 11,886 
11,880 4 


_ (L =P) xD zagie >: 
bixde 

6 
As E710 peoae. Cisctieucck F 
(ERY Distt) 28 


When more than one stay is used to support 
the girder the maximum bending moment is re- 
duced and the “C” values are correspondingly 
increased. 


For the remainder of the combustion chamber 
plates it will be seen that in this particular 
boiler space (K) gives the least working pressure 
on the back plate. The tops and sides are sup- 
ported by the stays and flanging radii of the 
combustion chamber front and back plates the 
spaces between the stays being calculated in the 
usual manner. It is also necessary to check that 
distances “x” and “y” indicated on the combus- 


Fig. 7. 


tion chamber do not exceed the horizontal 
pitches of the stays. Another requirement 
governs the design of the curved portions of the 
side plating in way of the top plate which is best 
illustrated by reference to Fig. 8. 


It should be added that “a” refers to the allow- 
able distance between the girder stays which is 
the maximum distance the stays could be pitched 
so that the top plate could work out exactly for 
the working pressure required, i.e. :— 


a=, son — 10? = 9” 


It will be noted that the girder stays are fitted 
with nuts on the fire side as stays with riveted 
ends are liable to pull through should the top 
plate overheat during temporary water shortage. 


The back tube plate has already been dealt 
with in way of the tubes and now the wing 
spaces must be considered by circles (M), (N) 
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and (Q), of which (M) gives the least working 
pressure. All these circles touch the inner edge 
of the lap joint of the furnace, shown as a 
dotted line on the plan, which may be considered 
as the commencement of curvature of the furnace 
flange. Rectangle (P) also extends to this line 
and lies between two stay tubes. 


Tt is easy to visualise the longitudinal expan- 
sion of the furnace putting a strain on the tube 
plate and cases have oeceurred where cracks 
appear between the lowest row of tube holes, 
Some boilermakers arrange the lowest row radial 
with the furnace for a better distribution of load 
whilst others are content to put in heavy stays 
tying the tube plate to the front end plate which 
tend to nullify the natural elasticity of the corru- 
gated furnace. It has been said that German 
boilers are notoriously stiff at this point and the 
Author has had the experience of a 12 in. long 
circumferential crack on the furnace “ooose- 
neck” of one of these boilers. 


The wing spaces on the front tube plate are 
dealt with by circles (R), (S) and (T), but as 
they all have approximately the same diameter 
it is only necessary to calculate (R) which has the 
lowest average coefficient. 


Where there are three through stays fitted 
around a manhole as on the boiler plan it is 
generally unnecessary to make any calculation 
for the lower front plate at bottom. In other 
cases it is usual to draw circle (U) through three 
points on the flanging margins. At the other end 
of the boiler these three through stays have the 
effect of enabling any point on the manhole 
flanging to be taken as a point of support with 
a coefficient of 110. 


Where a single through stay, fitted with a 
loose washer the same thickness as the plate, is 
placed close to the manhole flanging as in Fig. 9a, 
the point on the flanging of the manhole adjacent 
to the stay may also be taken as a point of 
support. Further for a stay fitted with a riveted 
washer as in Fig. 9b a coefficient of 96 is allowed 
for the rivet provided the thickness of the washer 
is not less than the thickness of the end plate. 
In all other cases the centre of the stay is used 
in the usual manner. It will be seen, therefore, 
from the boiler plan that the adjacent spaces to 
the manhole in the back plate are adequately 
supported and it is only necessary to check (V). 


Lastly, any space (W) is tried on the back 
plate in way of the wide water space. 


WHEN R<% “D SHOULD NOT EXCEED “a” 
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Fig. 8 


Marin Srays. 


The maximum stress allowed on main stays is 
11,000 Ib/in.? on the sectional area at the bottom 
of the thread. In the Rule formula the effective 
diameter is taken at the bottom of the thread 


less & in. corrosion allowance and for stays 


screwed 6 T.P.I. having a uniform diameter “d” 
this becomes :— 


d — 0°215 — 07125 = d — 0°34 


For the purpose of caleulating the loads on 
these stays it is first necessary to determine the 


amount of self support of the end plate by virtue 
of the stiffening effect of the flange. This self 
supporting distance is known as “stand-out” and 
is reckoned from the flanging margin. To obtain 
a clear picture consider a plate, shown in Fig. 10, 
having a length “a” and distance “a” between 
the flanging margins. The working pressure 


allowed on such a plate is :— 
C(t —1)? 
WP = a? + a? 


By transposing the formula the “stand-out” of 
each flange may be regarded as acting at a 
distance 4a from the flanging margin where :— 


at aL 
a= 3A/ CWP 


VTZZIIIANT TL 7 I} Pr» 
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Applying this expression to the end plate the 
“stand-out” is marked on the plan and is taken 
as the limit of the area supported by the stays, 
the other limits being defined by drawing lines 
midway between adjacent stays. 


Screw Srays. 


For this type of stay, the majority of which 
are fitted in positions inaccessible for close ex- 
amination, the maximum stress allowed on the 
sectional area at the bottom of the thread is 
9,000 lb/in?. In the Rule formula the effective 
diameter is taken at the bottom of the thread 
less $ in. corrosion allowance and for stays 
serewed 9 T.P.I. this becomes :— 


d — 0°142 — 07125 =d — 0°267 


Strictly speaking, in the ease of both main and 
serew stays, the area of the stay itself should be 
deducted from the total area supported, but as 
the former area is always small in comparison it 
is usually ignored. 


Pia TUBES. 


The conditions governing the scantlings of 
plain tubes are similar to those for plain furn- 
aces and the present Rule thicknesses of plain 
tubes have been determined from the formula :— 


WP = 10,000 Teles) 


which, except for the corrosion allowance, is 
similar to the old L.R. formula for plain furn- 
aces :— 


8000T 
wee 


Stray TupBeEs. 


The maximum stress allowed on stay tubes is 
7,500 lb/in? at the bottom of the thread, but in 
no case is the thickness at this point to be less 
than 4 in. for marginal stay tubes and 3% in. for 
stay tubes in the nests. As the area occupied by 
the tubes in the spaces considered is relatively 
large it is necessary to take this into account in 
the calculation for only the net steam load is 
required. 


MANHOLE COMPENSATION PLATE. 


The effect of cutting a manhole in the shell is 
to transfer the load across the longitudinal axis 
of the hole to the compensation plate and the 
rivets that are fitted. The percentage of the com- 
pensation plate, however, need not be greater 
than that required for the longitudinal joint and 
by consideration of the ratio of the actual and 
ealeulated working pressures the least percentage 
is obtained. The design, therefore, must be such 
as to satisfy the following three conditions :— 


(i) The sectional area of the compensation 
plate measured across the longitudinal 
axis to be not less than the net sectional 
area of shell plate cut out, allowing for 
the fact that most compensating plates 
are made from flanging steel having a 
U.T.S. of 26/30 tons/in?. 


(ii) The total area of rivets in shear across 
one side of the longitudinal axis to be 
not less than the net sectional area of 
shell plate cut out. It should be added 
that rivets which fall on the longitudinal 
axis are not considered to take any shear 
and are omitted from the calculation. 
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(iii) The spacing of the rivets to be such that 
the shell is not weakened to a greater 
extent than the least percentage obtained. 


The above will be best illustrated by the follow- 
ing example and Fig. 11 :— 


eae ahi 


%, of long? joint 
Actual WP 
Calculated WP 

(D+2d) x t x 

Least ¥ 
Compensation fitted = 2(L—d) xX T x 
UTS of comp. plate 

UTS of shell plate 


Least percentage required = 


Section of Shell Plate cut out = 


Riveting of Compensation 
Plate =n x 0°7854d? x 
Shear strength of rivets 
U'T'S of shell plate 
Plate % at ends = 100 (p—d) 
(not to be less p 

than the least %) 


c2 


The percentage strength of the shell plate 
would be considerably reduced if the manhole 
and other shell openings were axially in line and 
it is usual for these to be staggered. 
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FLANGED MANHOLES. 


When a manhole is cut in the end plate the 
load on the manhole door is transferred to the 
edge of the hole. To strengthen the edge of the 
hole so that it may withstand this extra load 
without bending the plate is flanged inwards thus 
stiffening the edge. 


SteAM Dome. 


Steam domes are now seldom fitted by boiler- 
makers in this country although the practice is 
still popular on the Continent. The strength of 
the shell is caleulated in the same manner as the 
boiler shell. A dished end rather than a flat end 
is usually fitted to the top of the dome and where 
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it is pierced for a manhole the end should be 
made ¢ in. thicker and the formula for the work- 
ing pressure is modified thus :— 


_ 15 x S (t—5) 
ener ee 


Where steam domes are attached to the boiler 
shell by riveting the percentage strength of the 
plate along the whole of the outer row of rivets 
of the flange should be not less than that required 
for the longitudinal joint of the boiler shell. 
Several cases have occurred where shell plates 
have fractured between the rivet holes where 
close riveting has been employed. 


Sarety VALVES. 

The rule for determining the size of safety 
valves required is based on the evaporation and 
pressure of the boiler, allowance being made for 
the type of valve fitted. The ordinary type of 
safety valve lifts only approximately 1/24th of 
the diameter when blowing-off and the following 
table shows how the “C” value is directly related 
to the lift of each type of valve :— 


Improved 


Type | Ordinary | Yt High Litt] Lift Bore | 

c TH A ee ee ee 
Lift [os lis |" lie Is | |) | 
2 oe 4S ot eel i is al 

| 

“Value wor | eet = 9:6 | 19°25} 1305 | 


Thus the area required is reduced directly in 
proportion to the lift. 


In the case of the “full lift” and “full bore” 
valves the area is taken as the net area through 
the seat after deducting the area of guides or 
other obstructions. With the remaining types it 
is usual to accept the aggregate area through the 
orifices of the valves since the lift of these valves 
is such that the area round the edge of the valve 
seating is a fraction of the area through the 
valve. In like manner the area through the con- 
necting branch to the safety valve chest is pro- 
portioned so that only one half of the aggregate 
area is required for “ordinary”, “high lift” and 
“improved high lift” valves whilst the full area 
is required for “full lift” and “full bore” valves. 


For valves passing superheated steam an in- 
crease in the discharge area is required as the 
weight of steam discharged through an orifice 
varies approximately inversely as the square root 


of the specific volume. For the ranges of steam 
pressure and temperature obtaining in marine 
boilers this would require an increase in area of 
orifice of approximately 7 per cent for the same 
weight of discharge of superheated and saturated 
steam for each 100° F. to which the steam is 
superheated above its saturation temperature. 
A safety valve, however, is designed for a lift 
proportional to the diameter and it is estimated 
that provision should be made for less lift with 
superheated than with saturated steam owing to 
the lower density of the former. To meet this an 
addition of 3 per cent is made to the valve area 
giving a total addition of 10 per cent for each 
100° F. of superheat, i.e., 


+ 


A 1000 


1+ 
where T = degree of superheat, in degrees Faren- 
heit. 


WELDED CYLINDRICAL MULTI TUBULAR 
BOILERS 


Few all-welded Scotch boilers have been con- 
structed in this country due, no doubt, to the 
large furnaces required for the stress-relieving of 
the longitudinal joints in the shell, although quite 
a number are made by Continental boilermakers. 


The general practice is to retain the riveted 
longitudinal and circumferential shell joints and 
weld most of the remaining components as in- 
dicated on the boiler in Fig. 12. It is not in- 
tended that this boiler should be regarded as a 
typical one as some boilermakers retain certain 
practices such as the flanging of manholes in end 
plates and the use of screwed stay tubes, but it 
does illustrate all the welding that can be carried 
out without any subsequent stress-relieving. In 
addition, alternative methods of welding the 
various components are illustrated in Fig. 13. 


It will be noted that the circumferential end 
seams and the edges of the butt straps have been 
seal welded in lieu of caulking and no objection 
is taken to this practice provided the riveting is 
sound and the faying surfaces are in close con- 
tact before welding. The seal weld should be as 
light as practicable and 4 in. is the usual size of 
fillet weld. 


It may be added that some of the welded 
details are of recent practice and since many of 
these welded boilers will be undergoing their first 
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survey at the present time it would be of interest 
to hear of the experiences of Surveyors who have 
examined such boilers. 


The ealeulations involved are the same as for 
the previous boiler with the following excep- 
tions :— 


SHELL. 


The usual calculations for the longitudinal and 
circumferential seams are made unless the seams 
are fusion welded when the shell is considered as 
a Class 1 fusion welded pressure vessel. 


It may be added that cases have occurred 
where shell plates have been welded without sub- 
sequent stress-relieving, particularly when repairs 
have been carried out, and this is acceptable pro- 
vided the welding is covered by a riveted butt 
strap. In ealeulating the rivet efficiency of such 
a joint up to 50 per cent may be allowed for the 
strength of the weld. 


FURNACES AND COMBUSTION CHAMBER 
Borrom Puatss. 


The length of support of C.C. bottom plates 
(L) is taken as the internal distance between the 
back tube plate and C.C. back plate. 


Frat PLATES. 


The coefficients for stays and stay tubes are 
those given in Fig. 4. Where a flat plate is 
welded directly to a shell or wrapper without 
any flanging the point of support is taken at the 
inside of the shell or wrapper. 


A C.C. girder which is welded the full length 
of the C.C. top plate, as in Fig. 14a, can be 
regarded as uniformly loaded for which the 
maximum bending moment will be half that for 
a girder supported by a single stay and “C” is 
inereased to 2 X 247-5 = 495, and the formula 
becomes :— 


495 x d? x T 
Lets Dy 


Alternatively, with this type of girder it is 
considered that a section of the C.C. top plate 
may be taken as resisting the load and the follow- 
ing procedure adopted :— 


WP = om 


(i) The section resisting the load is taken as 
the | section where “x” is 12 x t or 
“1)” whichever is the lesser. 


(ii) The modulus of the | section through 
the neutral axis is calculated. 


(iii) Considered as a simply supported beam 
with uniformly distributed load :— 
Bending 


Moment = x L? 


WP x D 
8 


The stresses so determined should be such that 
the factor of safety is not less than 4-5, based on 
the U.T.S. In addition, the formula for the 
working pressure allowed on the C.C. top plate 
is modified to :— . 

9e a bY) 
WP = 96 ie Life 

For the alternative type of girder shown in 
Fig. 14b each inner welded attachment is con- 
sidered as a stay and is calculated in the usual 
manner. 


MAIN AND Screw Stays. 


The only deduction made in the diameter for 
the working pressure allowed on plain welded 
stays is 0-125 in. for corrosion. It should be 
noted here that C.C. stays connecting the wing 
boxes to the shell are screwed into the shell plate 
since such a concentration of welding over this 
area would require stress-relieving. 


MANHOLE COMPENSATION PLATE. 


The calculations for the riveting of the com- 
pensation plate are omitted as the shear area of 
a continuous fillet weld at the plate edge is 
always far in excess of the section of shell plate 
eut out. 


WATER TUBE BOILERS 


The following represents all the calculations 
carried out in the approval of plans of water 
tube boilers and since the calculations are not so 
involved as those for cylindrical boilers a detailed 
examination has not been attempted. However, a 
few examples have been illustrated to clarify 
some of the phraseology used in the Rule Book. 


History. 


As in the ease of cylindrical boilers the Rules 
for water tube boilers were formulated by the 
British Marine Engineering Design and Con- 
struction Committee on which both Lloyd’s 
Register and British Corporation were repre- 
sented and, with the exception of the formule 
for safety valve areas and tube thicknesses, 
remain unchanged since they first appeared in 
the Rule book in 1923. 


(b) 


Fig. 14. 


Since then, however, new Rules have been 
introduced to cover the design of seamless, fusion 


welded and forge welded drums and dished ends. 


SHELL. 


In general four types of construction are 
available for the steam and water drums of 
water tube boilers and the strength of the shell 
in each case is determined in the following 
manner :— 


(i) Riveted. 

The strength and design of the 
riveted joints are calculated as 
described previously for cylindrical 
boilers. So that heavy bending stresses 
induced by riveted lap joints may be 
avoided double butt straps are used 
when the internal diameter of the shell 
is less than 100 times the shell thick- 
ness at the joints. 


(ii) Fusion Welded. 


Class 


Efficiency 


(iii) 


When fusion welded drums are used, 
and this is almost universal practice 
nowadays, the drums are designed in 
aceordance with the Rules for fusion 
welded pressure vessels. As the work- 
ing pressure of water tube boilers in- 
variably exceeds 50 Ib/in? the drums 
must be constructed as Class 1 pressure 
vessels, 

The formula previously used was 
345 x S x (t—2) | 
Wha 3 aioe * 100 


in which “E” represented the effici- 
ency of the longitudinal joint as in- 
dicated in the following table :— 


i | 
1 (Unfirea)] (Fired) 2A | 28/3 | 3B / 3c /3D 
| | | } ; 


% o | 8 | 80 | 75 | 70 | 65 | 60 | 55 


The present formula is merely a 
transformation so that maximum per- 
missible stresses may be used. No 
calculation is necessary for the circum- 
ferential end joints provided they are 
of the type illustrated in the Rule 
book. 


Forge Welded. 

These drums are caleulated in the 
same manner as for fusion welded 
drums except that somewhat lower 
stresses are allowed in the longitudinal 
joints. It may be mentioned that from 
plans dealt with in Head Office it 
would appear that this type of con- 
struction for the drums of water tube 
boilers is now obsolete. 


(iv) Seamless. 
For drums of seamless construction 
35 x S x (t — 2) 
D 


is based ona factor of safety of 4 ( ul 5) 


the formula WP = 


based on the U.T.S. In the manufac- 
ture of these drums the ends are 
generally formed by swaging and no 
circumferential joints are needed. 


EQUAL CHAIN PITCHING 


Longifudinal effy = loo(P-d) = 


Circumferential effy = soled 3 ib b 


UNEQUAL CHAIN PITCHING 
Longifudinal effy 


loo(R+R 
a 


Circumferential effy 


Fe 


DIAGONAL PITCHING 
Longitudinal = 100(P-d) 
ongitudinal effy 


P = vf PY R? 
1 ) ARIES “I 
2 


200 ( P.-d) 


TuBE PLATES. 


The chief factor which determines the thick- 
ness of a tube plate is the percentage strength of 
the plate between the tube holes “J” known as 
the ligament efficiency which is caleulated in the 
manner shown in Fig. 15 from which the least 
efficiency is obtained and used in the formula 


(t—4)S x J 
3°x\D 


WP = 


=e. 


Diagonal efty = of oy SBA (a-o-sdl — 


(P%O5R*)(F-095 d) + O375+d»Ps 


Note 


FR and B are meosured on the mean circurnference. 


Fig. 


15. 


The calculations for the longitudinal and cir- 
cumferential efficiencies are straightforward, but 
the diagonal efficiency takes into account the 
resultant hoop and axial stresses in addition to 
the bending stress on the diagonal ligament. 


“T)” is the internal diameter of the drum, but 
in cases where the internal radii of the tube and 
wrapper plates are not equal “D” may be taken 
as twice “R” when the mean radius of the tube 
plate is equal to that of the wrapper plate as 
indieated in Fig. 16. 
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1918 and is based on the theory that the dished 
end forms part of a spherical shell in which the 


WP xR 
ail 


known that this is a rough assumption as actual 
tests carried out indicate that the greatest stresses 
oceur in the knuckle radius the design of which 
is not considered in the formula except that this 
radius should be not less than 41 or 2% in. 
whichever is the greater. However, to cover the 


It is well 


stress is given by f = 


Fig. 


Notwithstanding the foregoing the tube plate 
thickness must provide the required parallel seat- 
ing for the tubes. Where the tube plates are 
tapered to meet the wrapper and end plates the 
taper should be not less than 1 in 4. 


DisHep Enps. 


The formula for the working pressure allowed 
on dished-out end plates of boilers 

480 T — 03 

Sessoms ae 

originates from the recommendations of the 

British Marine Engineering Design and Con- 

struction Committee for cylindrical boilers in 


16. 


errors involved a large factor of safety has been 
used which, by transposing the formula, gives 


9°33 (= ee based on the U.T.S. For dished 


ends with a manhole $ in. is added to the plate 
thickness to compensate for the indeterminate 
stresses which arise in way of the manhole flange. 


Since the above formula was brought into the 
Rules in 1921 a number of experiments were 
earried out on the Continent, notably those of 
Hoehn, from which the results of measured 
strains on the external surfaces of dished ends 
under pressure indicated that the stress varies 


from a maximum tensile near the crown to a 
maximum compressive at the knuckle. Hoehn 
plotted the ratio of maximum stress to theoretical 


F % r 
spherical stress against values of R and found 


f + 15 
this ratio proportional to < : The results 
ot + -05 | 

also indicated that the highest stresses are 
associated with small knuckle radii and by econ- 


: : : D : 
sideration of a constant “kK (=>) which governs 


the geometric shape, Hoehn proposed the follow- 
ing formula for dished ends :— 


7+ WP xDxk ) RtD | 
2790 x § C + 05 


On fully investigating this formula it was 
decided to increase the thickness proposed by 
18 per cent and add the usual corrosion allow- 
ance which gives the present formula :— 


Rt 05 | 


4726 \ 
tit Phe r x (T—"08) 
J 


WP = ey 
| 
t 


ls 


Rt 15 


Sometimes the dimension “h” is stated on the 
plan, but in any ease it is recommended that this 
dimension be checked as discrepancies have been 
frequently noted whereby the stated and caleu- 
lated values do not agree. It is not understood 
why this discrepancy should occur as the value 
of “h” can be determined accurately from the 
shape of a dished end. 


Considering Fig. 17 with given sizes of D, Ry 
and r,,if P is the point at which radii R, andr, 
meet and © and B are the centres of radii R, and 
r, respectively, then P, B and C always lie on 
the same straight line. Then considering triangle 
ABC :— 


(AC)? = (BC)? — (AB)? 


(R,— hy? = (R,—r,)? — (2=r,) 


Frat Enps. 


This type of end is generally used to close 
superheater, water-wall and economiser headers 
and may be attached by any one of the methods 
illustrated in the Rule book. The thickness is 
based on the typical formula for flat plates 

al he 
WP ae os de where the headers are eylind- 
rical. For rectangular headers (a? + b?) is sub- 
stituted for D? where “a” and “b” are the 
internal dimensions of the rectangular section. 


Another type of flat end met with in water 
tube boiler construction is the “closed-in” end of 
seamless steam and water drums. <A typical end 
is illustrated in Fig. 18. Considering the end as 
a flat plate having points of support at the edge 
100 (t, — 1)? 


of the corner radius WP = D2 


MANHOLES AND COMPENSATION. 


Manholes in water tube boilers are always 
arranged in the end plates and the depth of 


18. 


Fig. 


io 
bo 


flanging is the same as required in a flat plate 
F=vT,xW_ In the extremely rare case of 
a manhole being fitted in the shell the compensa- 
tion, if of the riveted type, would be dealt with 
in the same manner as described for cylindrical 
boilers. 


For openings eut in the shells of boilers, other 
than of riveted construction, which require com- 
pensation the procedure indicated in Fig. 19 is 
adopted. 


TUBES. 


Since 1923, when the first Rules were approved, 
it became necessary in 1932 to legislate for 
higher working pressures and temperatures. 


The stress in a boiler tube results only partly 
through boiler pressure and usually a greater 
part of the stress is due to the temperature 
difference between the outer and inner surfaces 
of the tube wall. In general this temperature 
stress is greater with thicker tube walls than with 
walls of lesser thickness. The stress due to boiler 
pressure is determined by the “thin cylinder” 
theory, but it is obvious that a mere propor- 
tionate increase in thickness for higher working 
pressures does not necessarily compensate for 
increased temperature stress. 


A theoretical investigation of the desirable 
thickness of boiler tubes was earried out by 
Dr. Dorey in 1930 and a formula was devised 
which gave tube thicknesses about midway 
between previous practice and that indicated by 
Dr. Dorey. 


With still further increases in working pres- 
sures and temperatures, also the use of alloy 
steels, it has become necessary to introduce the 
latest formule for boiler and superheater tubes 
which take into account the U.T.S. of the tube 
material and operating temperature. It will be 
noted that the present Rule for boiler tube thick- 
ness permits of tubes of the same diameter 
having the same wall thickness irrespective of 
their position in the boiler. 


For boilers working at pressures below 250 
Ib/in? with open feed systems corrosion is likely 
to be more active and, in general, has a greater 
effect in reducing the Factor of Safety of thinner 


‘tubes associated with low pressures. Accordingly, 


under these conditions, boiler tubes are to be 
made one gauge thicker than that obtained by 
the formula. 


~» 


Working pressure 
Internal diameter of shel) 
Thickness of shel (T) 
U.T.S, of shell plate 


U.TS. of branch and compensation 


Thickness of a seamless shell 


420 |b/in* 
56" 
ha 
28-32 lons|in? 
26-30 lons/ig? 


having the above Frill igi (t) = 10738 +2 = aca 
BS Seclional area cut ov = 28.10 = 8125 ir? 
Moximum height of branch bochy 32 ‘ 
Compensation = 12 J/Ixlo = 38 
Compensation fitted = |(3-8-2+%) +(a:2-4)] 38 = 10:86 ir’ 
Note | 
Area of the fillet welds could also be lakenr inlo acoounl as 
Compensahon if required. 
Fig. 19. 
HEADERS. 


For rectangular headers the wall thickness is 

based on the usual type of flat plate formula 
t — 3\? fn . 

WP = ( ) x C This applies to water-wal! 
and economiser headers, but for superheater 
headers which have only steam within them under 
service conditions and are also subject to the 
impact of hot gases the thickness is increased by 
124 per cent. 


When cylindrical headers are used the working 
pressure may be caleulated by using the formula 
for steam pipes, and then multiplying by a factor 
“J” (expressed as a fraction) representing the 
efficiency in way of the tube holes determined in 
the manner as described for tube plates. It will 
be noted that this formula takes into account the 
effect of steam temperature and the thickness of 
superheater headers is thereby automatically 
increased. 


. 


Tn all cases, however, the minimum thickness 
of a header is governed by the requirement for 
% in. belt of parallel seating and also the formula 
t=3x vd +8 in way of the tube holes. 


Sarety VALVES. 


When a cylindrical boiler is fitted with a super- 
heater it is usual to arrange the superheater 
safety valve to act only as a relief valve since the 
main safety valves fitted to the shell are able to 
deal with all the evaporation. In the ease of a 
water tube boiler, however, it is the practice to 
fit safety valves of ample relieving capacity on 
the superheater for the purpose of ensuring 
adequate circulation of steam through the super- 
heater in the event of a sudden shut down of the 
stop valve whilst mancuvring. Further, as the 
difference in blow-off pressures between the 
valves on tthe steam drum and superheater is 
generally large it is more convenient to transpose 
the formula for the safety valve areas and work 
in terms of evaporation, e.g. :— 

' Consider a boiler having the following par- 
ticulars :— 


50,000 Ib/hr. 


6,000 sq. ft. 
850° F. 


Estimated evaporation 
Total heating surface 
Final steam temperature 


Safety Valves Fitted. 

1-2 in. dia. double spring improved high lift 
type on steam drum set at 600 lb/in?. 

1-23 in. dia. single spring improved high lift 
type on superheater outlet set at 560 
Ib/in?. 

Calculation. 

Evaporation in lb per square foot of heat- 
ing surface (‘T.H.S.) per hour 

50,000 


ll ll 


(B) => “6,000 = 8°33 

Saturation temperature of steam at 560 

Ib/in? = 482°F, 
Degree of 

superheat = 850 —482 = 368°F. 

‘ elite! 
Superheat factor = ( a eee ee 

P iat; 1+ aa *: 


Tota! evaporation dealt with by valves 


[2 x 3°14 x (600 + 15) x 9°6 + 
3°98 x (560 + 15) x 9°6 

1°368 
37,050 + 16,050 


53,1001b/hr. 


It is always advisable to check that the “E” 
value is not less than six as, surprisingly enough, 
“F” values of less than six have been encountered 
with certain small water tube boilers. In such 
cases the estimated evaporation is increased 
accordingly. 


It may be added that the “C” values given in 
the Rules provide safety valves with a generous 
margin of capacity. Accordingly when consider- 
ing higher “C” values, up to a maximum of 30, 
for the different types of modern high discharge 
valves a margin of at least 25 per cent is re- 
quired over the capacity established by actual 
tests. It is also necessary to consider the reli- 
ability as well as the capacity as some modern 
safety valves are of complex design, incorporate 
several adjusting devices and operate with fine 
clearances and the “C” value allowed is therefore 
based on the overall merits of the design. 


VERTICAL BOILERS 


As the different types of vertical boilers are 
legion it would require a separate paper to be 
written to embrace even a few selected designs. 
In any case nearly all the pressure parts may be 
calculated from formule previously described 
for cylindrical and water tube boilers and all 
that would remain to be said is that there should 
be sufficient mudholes and sightholes for cleaning 
and inspection of the boiler, a point which is 
sometimes overlooked by designers of vertical 
boilers. 


However, it is felt that a detailed examination 
should be made of a well-known type and by 
reference to the calculation sheet and plan illus- 
trated in Appendix II, and also the foregoing 
notes, the calculations can be followed step by 
step. 


The boiler is of the thimble tube type in which 
thimble tubes are fitted to the shell plate as well 
as the furnace. By this means the boiler can be 
fired simultaneously by exhaust gas on the shell 
tubes and oil fuel in the furnace. The shell tubes 
only cover about two-thirds of the shell cireum- 
ference, but tubes are fitted over the whole of the 
furnace. 


SHELL. 


The shell is of fusion welded construction and 
since the proposed working pressure exceeds 
50 lb/in? the shell is constructed as a Class I 
fusion welded pressure vessel. The longitudinal 


seams of the upper and lower shell strakes, which 
are not indicated on the plan, are arranged 
staggered at about 180° to each other. 


The plain portion of ‘the shell, unpierced for 
tubes, is fifSt considered using the appropriate 
stress “f”. The remaining portion is calculated 
on the tube plate formula and, in this connection, 
it is necessary to determine the minimum effici- 
ency in way of the tube holes as described in 
Fig. 15 which, in this case, happens to be the 
diagonal efficiency. 


Riverina. 


The only riveting that need be considered is the 
connection between the lower dished furnace 
crown and the shell. The riveted attachment of 
the shell crown to the uptake need not be con- 
sidered for strength, it being sufficient that the 
pitching ensures steam tightness and efficient 
caulking. 


SHELL Crown. 


This is dealt with on the usual dished end 
formule, the large hole necessary for the uptake 
being adequately compensated by both the sup- 
port and reduction in loading due to the uptake. 
It is convenient to use the simpler formula shown 
on the calculation sheet, but if this does not work 
out then the alternative formula 


beh ( +05 | 
Wp a 28x S xh : F x 
a i Ui 


(T —:03 —°125) 
should be used which permits higher working 
pressures when large knuckle radii are provided. 
It will be noted that the extra $ in. thickness 
required for the manhole has been taken iito 
account. 


It is a requirement that the thickness of a 
dished end should be not less than the thickness 
of a seamless unpierced shell of ‘the same diameter 
and material so that the stresses are comparable, 
but in general this only applies when using the 
latter formula in which a higher stress is allowed. 


FURNACE. 


The plain furnace formule in the Rules were 
derived from experiments carried out on thin 
shells and are not directly applicable to the 
thicker furnaces provided in thimble tube boilers 
which give a stiffer furnace in which the length 
has not such a deciding influence on the working 


pressure. Accordingly the permissible working 
pressure is obtained by using the “short furnace” 
formula in conjunction with the least efficiency 
in way of the tubes “J” and omitting the length 
factor “L”, i.e., 
WP =) x [1l0(t — 1) —L] = 
500 (t — 1) — 50L 
; D 
Omitting “L” and introducing “J” expressed as 
a percentage :— 
5x (t—1)xJ 
VPs D 
This formula may be considered effective pro- 
vided the furnace length does not exceed about 
twice its external diameter, but in cases where 
longer furnaces are fitted the working pressure is 
calculated by using the ordinary plain furnace 
formule multiplied by factor “J” (expressed as 
a fraction). 


As a safeguard in order that a furnace with a 
small number of thimble tubes, and consequently 
a very high efficiency in way of the tubes, could 
not be made thinner than a normal plain furnace 
the working pressure should be not less than that 
obtained by the ordinary plain furnace formule. 


Tn all cases the points of substantial support 
for the purpose of defining the furnace length 
“L” are taken as the commencement of flange 
curvature of the dished furnace crowns. 


It should be added that when considering the 
efficiency in way of the tube holes for furnaces 
and other compression members “d” is taken as 
the internal diameter of the tubes. 


The Rule requirement governing the maximum 
thickness of a furnace, i.e., t$ in. does not apply 
in the case of furnaces fitted with thimble tubes 
since the furnace wall is adequately cooled. 


The upper dished furnace crown is dealt with 
on the usual formula for a dished-in end in the 
flame and since the holes for the four circulating 
tubes are remote from each other their effect can 
be ignored. 


The ogee ring, or lower dished furnace crown, 
when of the form shown on the plan may also be 
calculated on the same formula since the flanging 
at the furnace attachment makes up for loss of 
stiffness caused by the hole in the centre and 
additional stiffness is provided by the lower por- 
tion of the thick furnace to which it is rigidly 
attached. 


It may be added that, in general, the ogee ring 


Uy Heo ie se 
formula WP = Dx (D—d) 


apply to the form shown in Fig. 20. 


is intended to 


Fig. 20 


“TUBES. 


Both thimble tubes and cireulating tubes are 
considered as water tubes and as the working 
pressure is less than 250 lb/in? the caleulated 
thickness is increased by one gauge. 


FLANGED MANHOLES. 


Although the manhole is in the shell crown the 
depth of flange necessary for stiffening is the 
same as that required for a flat plate. Had the 
manhole been fitted to the shell the usual caleula- 
tions for compensation would require to be 
earried out. 


UPTAKE. 


As the conditions of loading are similar to that 
of a furnace the usual plain furnace formule 
are used with an extra 4 in. corrosion allowance 
to allow for corrosion on the gas side. 


The points of substantial support for the pur- 
pose of defining the length “L” are taken as the 
centres of rivets at the shell crown and the com- 
mencement of flange curvature of the upper 
dished furnace crown. 


SAFETY VALVES. 


Since both exhaust gas and oil fuel may be 
used simultaneously for steam generation two 
calculations are made using the respective heat- 
ing surfaces in conjunction with the appropriate 
“KE” values. 


AIR RECEIVERS 


SHELL. 


As in the case of water tube boileys four types 
of construction may be used and the calculations 
involved are the same as those previously 
deseribed with the exception of seamless shells 
which are caleulated by the following formule :— 


_ 385 x S x (t — 4) 


wp D - when t= 3" 
WP = 34°5 Xx BS (t — 2) when t<&" 


Further, for air receivers of riveted construction 
the intermediate circumferential joints need not 
have a minimum efficiency of 60 per cent. 


When fusion welded construction is employed 
the shell is designed as a Class 1, 2 or 3 fusion 
welded pressure vessel depending upon the re- 
quirements of the Rules, although these require- 
ments are such that air receivers generally fall 
into either Class 2 or 3. For Class 2 vessels it is 

Internal dia. 
(Shell thickness)* 
all measured in inches. If this value is less than 
100 then the shell requires to be heat treated and 
classified 2A. 


necessary to evaluate the ratio 


The choice of classification of Class 3 vessels is 
left to the manufacturer except in rare cases, 
depending upon the design and working condi- 
tions, when it may be necessary to require heat 
treatment and/or mechanical tests being carried 
out. 


DisuEp-out Enps. (Concave to pressure.) 


The two formule previously described for 
water tube boilers may be used, but since there is 
less need to provide for corrosion than with 
270 Rosie. 

R 


also be used which is based on the usual spherical 
stress theory in conjunetion with a Factor of 
Safety of 7-78, based on U.T.S. 


boilers the formula WP = may 


In the case of air receivers of small diameter 
smaller knuckle radii than 24 in. have been per- 
mitted, being calculated from 4T with a minimum 
value of 13 in. 


DisHED-rN Enns. (Convex to pressure.) 


The formule are derived from the old Rules 
for dished furnaces, since the conditions of load- 


8000 T \ 
R (TSye" 


ing are similar, in which WP = 


8800 T 


and WP = R (T>,°,") These Rules were 


based on a U.T.S. of 26 tons/in? for the material 
of the dished end and it will be noted that the 
present formule take into aceount the U.T.S. 
S10 Soi oes 
WP hg 
840 x T x § 
R 


giving 


and WP = respectively for Class 1 


pressure vessels. 

An increase of 20 per cent in the working 
pressure is allowed for Class 2 and Class 3 
pressure vessels, thus, in general, dished-in ends 
for air receivers are designed from the formule 


370 
WP = EAL x Sir <") 
0 
and WP = = - sa (T>+') 


be 
~ 


In all cases the usual requirements regarding 
manholes are also applicable. 


The fusion welded attachment of dished ends 
is illustrated in the Rule book and the dimensions 
ensure that the weld is kept clear of the knuckle 
radius where maximum stresses occur. 


Fiat Enps, MANHOLES AND COMPENSATION. 


These are dealt with in the same manner as 
described for water tube boilers. 


In conclusion, as these notes have occupied 
more space than was anticipated, it is proposed 
to deal with the shafting in a separate paper to 
be read either later in the current session or 
early in the 1954-5 session. 


SHEET No. 1 Date 
Dwg. No 


CYLINDRICAL MULTITUBULAR BOILERS, 


MAIN, AUXILIARY, OR DONKEY 


Shipbuilders Yard No 
Engineers Engine No. 
Boilermakers Boiler No. 
No. SE. orBE. WP. 220 tbs. T.P. 380 Ibs. Internal Dia. 14-94% Length 1-9" 
fF 3 2598 Ae ae | Shell & Butt Straps 29-33 tons/,? 
No. of Furnaces HS. each Br. sq. ft. G.S.— sq. ft. Tensile Strength | 2.4, 26-30 tons/,2 
= 100-75 - 1. 
SHELL. (.) % Plate = 100-4) _ eis aaie) - 85:3% 
" ., _ 1008, xaxnxC) _ 100 (23 «1-625 «I'875) _ 86 
Gi) % Rivet = Rr ead 867, 
z . _100(p—2d) , 100(S,xaxC) _ 100(9-75-2-875) , 100(23*1-62«1875) _ 87:79 
(ii) % Combined = PAD +. XT oe + So ae ys 
(iv.) % More than 3 screw stays pierce shell = 10 o=d) — er 
aa _ (t—2)xexJ _ (46-2) «29«85 ~ 222: - 
Shell not exceeding 13” thick, W.P. =p creas 222-5 bf, 
Shell exceeding 12” thick, with D.B. Straps, W.P. = {~S*4 = 
_ 625x(p—d)_,, 0-6 25 (9-75 - 1.4375 . K 
Outer Butt Strap = ee, xT= 515-2075 44395 = 1086 Proposed = lo94g 
Inner Butt Strap = *125+outer butt strap thickness = 0-125 +)-086 = ([211" Proposed = /|-219" 


Rule Prop RIVETING. Circ‘ seam d=! 


——-9-~-p-—- I OS 


—-----------4$7- - ---------'-- 4a-- 

2 ae eS te SR Eat Lone’ seam d=1-4375 Rules Fer 
A 75 aL 

SR, ee 

375 

225 | 


THe a . * t 
ay a Pe 9°75 2A risa x63 
275 


Eh dan ae Oy x omnes hehehe sf r 674 256 
oe pe 


ieee: Seales ers ep So Eh, See ee ae, 
Maximum Pitch, inches = (Cx T)+1°625 = (6x1-4375) + /625 = lo25" Proposed =975° 
Cire. Bnd Seams (42%), Plate% ~ (0G@2S=14979). 66.29 Rivery, — ‘2° gor rearzet) = 421% 


Cire. End Seams of all Boilers (Shell exceeding §"), and Intermediate Seam of D.E. Boilers (Shell exceeding 4") 


to be double riveted. 
Circ. Intermediate Seams S.E. Brs. (60%), Plate = — Rivet% = ME 
Cire. Intermediate Seams D.E. Brs. (62%), Plate% = — Rivet% = em 


Circ, Intermediate Seams of 8.E. Brs. Shell exceeding 1}” & D.E. Brs. Shell exceeding 1,'," thick, to be treble nveted. 


FURNACES & C. C. BOTTOM PLATES. Tensile Strength = 26-30 fons /int 
Corrugated Furnaces, W.P. = oe ). 420(t0-) = 2225 Iby., 
Plain Furnaces and C.C. Bottom Plates (least pressure obtained by formule) 
Se SL \ 1450 if welded or ; _(28-1)"x1450 = 430 lbjj,2 
ne 1F3OxD zy 1 1800 if riveted )~ (2925 +24) «4625 260 |b 

= IMHD—L, (50 if welded or) f -29-25] «50 GO lb/.2 
WP = D X | 4D if riveted | — aso et — 25] > Yin 
CC, Bottom Plate, (L_ xT)—( x t) _ 4625 
(plain furnaces) | ~ B - 


Flanging radius of lop end plate : . 
2% * thickness of plale - 24x14 = 38 Poposed 34 
Flanging margin —iatth: <4 

Flanging radius of front lube plate 
2% * thickness of plate 

Flonging margin = C4 + '%, s 3% 
Flanging radius of back end plale 


i 

hS 

nis 
x 

av 
Ml 


Proposed 3%" 


2% x thickness of plate = 26*@ = 2%6 Proposed 33 
Flanging margin = C%+ = 36 
Flanging radivs of combustion chamber 
25 «thickness of bock fi =ger'S a2 ton % 

2 tcKness ck Tube plate 224°. = 2 64 roposed 1% 
Flanging margin = ($+ 7h. = 2 Geo 
Main Stoy loose washers 
Minimum thickness reqd = % 14 = 0-633" Froposed ff ¢ 
Minimum diameter reqd - 34*34 = 124 Proposed 12% 

Coefficient = woof 4 Come =, Je 
40-1) 

Riveted_strip on front lube plate - : = 
Minimum thickness reqd. = %x 6 = ce Froposed 6 | 
Minimum width reqd = % x 14 SS Froposed O% 


Coefficient for slay tubes in Way of riveted sirip 
= 52 See = 626 
Space © on back top end plate Go-1) 


2a! _ 102(4o0-1)* pe 
ee) owe set4o-) 306 Ibjigz 


Space G)on back lop end plole 
P Z2@lio ee a Fr ‘Ao -i)* 
2@86 ‘ 17757+16 


Space ©) on froat tube plate x 
(el 89.3(30-1) 
3e8z6 9 WR = ee ~ 241 lbfnt 


Space ®) on back tobe plate : 
$086 me Ys Be = 260  lbjig? 

Stand-out from top end olates 

Check for stress in main stays 


220 «2ox2l 


= 260-5 lbj,2 


07854*3 265° ai 
Check for stress in scr stays 
220 x12x9 = 8780 lbj,2 


07854 «| 853? 


FLAT PLATES. 


30 


Tensile Strength = 26-30 fonsA2 


sik j 238 |by, 
@ 3@l10 Top End Plates, WP. = - a = Wolo) - 8 Vbyjn2 
Wi oe . 3 Iba 

\eeaene ts WP. = see [ (t—1)*+1502 |= at [God's 5x32'} 2 - 
! 2 
©) 3a@ro | fs No(4o-* 22) lbh: 
\ Ri ale \ ae 94-3 (40-1)* 284 lye 
© foes |Pweee [urs |= 23/40) bi 


© 3 26.0 } Eire 


abde ze Sg End Plate, between tubes and stays, W.P. = 17 my = 229 loft 
4 2 
Pa me Tube Plate w.w. space, WP. = of w= toy ee |- sef el ] = 39 llof,2 
2 = 2 " 
@) 4e36 Back Tube Plate in nests, W.P. = we 38D = 275 lop 
Back Tube Plate in compression, W.P, = 875 x Ort 875~ pe x27 = 273 lo4,2 
C.C, Girders; C for 1 stay = 247°5; for 2 or 3 = 371; for 4 or 5 = 412°5; for 6 = 433. 
Cxd’xt 68 371 8"* 56 x 22 = 223 lf. 
|wW.P. = (L=P)xDxL* 28 = Ge 8 75m * lof; 
L “1O)« B75 «32 

(K) 475 C0. Back Plate, WP. = 755-1) = 226 Ibjet 
4e15 CC. Top Plate, » W.P. = eee = 225 lft 
© 4@T5 CC. Side Plate, W.P. = Baag = 225 bf, 
1@96 2S 74.3(007-)° 2755 Ibyjn* 

(™) Ie \e7s | eck Tube Plate at Wing space, W.P. = felis = 

2 

(R) ses 1910) Front Tube Plate at Wing mace, We. =  825(02-) = 520 fit 
tose \ Phas 312 Ibfer 
©) 3@11o Lower Front Plate at bottom, WP. = fo = 752 - told 
1096 Tow: _  893(284> BN hy 
®) ISQE Lower Back Plate at bottom, WP. = wie ln 
@) 4@86 Back End Plate at w.w. space, W.P. = Beta = 2265 lbj,* 


MAIN STAY. Material Oleel Tensile Syzgngth = 26-82 fons/ir? 


we. -28= "34)* x 9500 =. 226 Iby,? or (3 —"195)* x 9500 238 


2120  1625x20 x93 = = 292 Ibfin? 
SCREW STAYS. Material Steel No. of threads per inch Q ‘Tensile Strength = 26-30 fons/j,? 

1% 267)" 8250 _ 237 Ib/.2 
C.C. Stays, W.P. = To Lin 


W.W. Space Margin Stays, W.P. = —* 


PLAIN TUBES. Ext. Dia. 


STAY TUBES. Ext. Dia. 


( Ours —*267)* x x 8250 _ . 
12*3 229 lo fig? 


3” , Thickness reqd. = 8 LS.G., Thickness fitted = 8 LSG. 
” a 
3" , Thickness fitted aa 3 , No. of threads per inch = 9 


Jy nest 7500 1-98 


Do. 


: = _ 7500 «2- - 245 Iba 
WP. aiogeBE) (500) 270 Ibfgt In WW. space WP (ileBE)- Gero iq 


MANHOLE COMPENSATION PLATE. Least percentage required = 85 x “Be. = 84% 

Section of Shell Plate cut out =O-84 «1.4375 « Laie 22.9 if Compensation fitted -[(e4-16-3) +(5 2%) +(h2) 11538 a) 
Riveting of Compensation Plate = 17 «1:77 * = =23-9ir} Plate % at ends = !00 eX: 8 -15) _ 84. 6% <eray 
FLANGED MANHOLES, Depth of Flange = Vtxw = L%rre = 3:24" pew -35" 


STEAM DOME. Plate % = 


Shell, W.P. = C—DX8XF _ 
crown, WP. = X8x(t= 


SAFETY VALVES, Area required = 2998-*6 


OOPY OF APPROVED PLAN IS NOT 
RETAINED FOR REFERENCE. 


Mh heh 


—_— Rivet % = 


220415) *7-2 
Surveyor’s Initials 


|= 865(40-i)° = 199 |bj,? « 
2 125 * 414.52 


= 922in' Proposed 22% =9-82i 


oe 


31 


WORKING PRESSURE 220 ssn? 
TEST PRESSURE 380 ts/n’ 


Ri OF SIEMENS-MARTIN STi 


SHELL & BUTT STRAPS 
29 


OTHER PLATES 


LONGITUDINAL STAY BARS | 28-32 TONS/IN‘| 201 ON 8 DIAS 
SCREWED STAY BARS 26-30 TONS/IN'| 237% ON 8 DIAS 
RIVET BARS [ 26-30 TONS/IN'| 257 ON 8 DIAS | 


HEATING SURFACE 
TUBES 2016 SQ. FT 
COMBUSTION CHAMBERS 215 SQ.FT ..,, 
FURNACES : 320 SQ.FT 2 
BACK TUBE PLATES 47 SQ.FT 
TOTAL HEATING SURFACE 2598 SQ.FT 
ALL COMBUSTION CHAMBER STAYS SCREWED 9 T.P.! 
THROUGH BOTH PLATES AND NUTS FITTED AT BOTH 
ENDS EXCEPT STAYS FROM WING BOXES TO SHELL 
WHICH PROJECT 1/2 AND ARE CAULKED. 
CC TOPS & SIDES 1% oa. O 
CC BACK PLATES 1% oa O 
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ALL STAYS 9° PITCH 


BOILER FITTED FOR OIL BURNING ONLY 


2% DIA DOUBLE SPRING SAFETY VALVE HIGH LIFT TYPE 
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SCALE 


ALL_RIVET HOLES DRILLED IN PLACE 
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SHELL Me THICK 


PLAIN TUBES 3EXT OIA BLSG SWELLED { AT FRONT END MARKED () 
55| STAY TUBES 3'ExT DIA fe THICK EFFECTIVE AREA 198 IN‘ MARKED (6) 
48| STAY TUBES S'EXT DIA Z THICK EFFECTIVE AREA 243 in’ MARKED C 


Te 


ALL TUBES OF SEAMLESS STEEL Fy 

STAY TUBES SWELLED 4 AT FRONT END AND SCREWED = ; 
THROUGH BOTH TUBE PLATES WITH A CONTINUOUS z 
THREAD OF 9 TPL z 
& 
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Shell tubes 
24 0D 96 thick LOPMENT 
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PART DEVELOPMENT OF FURN. T 


WELD PREPARATION AT 
UPTAKE & UPP. ISHED F' 
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ioe AT JUNCTION OF Root 
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_ = 60 
“Double riveted lap CR EVRNA' : 
Jjeint 1 dia rivet . 
les 


“ 
4 


WELD PREPARATION AT 
UNCT. F_FURN, 
& LOWER DISHED FURNACE 
CROWN 
IN RI 150 LB/IN* 
TEST PRESSURE 275 vB/in’ 
SHELL & OTHER PLATES 26-30 TONS/IN' UTS rl 6” 
RIVETS 26-30 TONS IN’ UTS as 
TUBES 20-28 TONS/IN’ UTS 
XHAUST HEATIN AC HOO SQ. FT. f 
QIL FUEL HEATING SURFACE 450 SQ.FT. al 
Slew 
24 DOUBLE SPRING ORDINARY SAFETY VALVE P, 


LLOYDS CLASS | WELDING SEAMS IN SHELL & FURNACE 


SHEET No. 8. Date - 
Dwg. No, 


VERTICAL BOILERS. 


Shipbuilders Yard No. 
Engineers Engine No. 
Boilermakers Boiler No. 
Composite oil agd exhoust.,. ., 

No. Type 0S fired thimble lube boiler" i 150 Ibs. T.P.= 275 ibs. 
Internal dia. 6'-3" Height 19 ‘~3," 

Ex gas Hoo ; Shell and Bach PA ool 26-30 lons/int 
H. s fF oe hase th. Co — sq. ft. Tensile Strength | a. = 26°30 beat 
SHELL.& o(p—). $s 


Class 1 fusion welded pressure vessel 


100 (8, x @ xnxO_ 


. net + (44-2) : 
Tr way of ploin porliog WP 2 oop es 2) 427 lbfin®® 


~ Tnwoy of tubes WP = SAG 267A4 1965 fn! 
Toner Butt Strap = 4 + outer butt strap thickness 
Bottom Circ’ seam 


__ RIVETING. datos" 
é}-— pe - 4B. --- I — 


33fi r-b7a 4 
i oe es 
—--------y; - ee Soe 


Maximum Pitch, inches = (C x T) + 1°625 = 


Give, Seame (42%). Plate %p = loo 2B Me) = 667% Rive, = 100(23«123«2*1) ~ 4227 


26 * 3°75 *1375 
Circ. Seame, if not complete circles, and for shell exceeding ¢”, to be double riveted. 


SHELL OROWN. Tensile strength—= 26-30 lons fir? (Complete hemisphere without Stays). 


(t-2)8 x J 
il Scrat A Te 
(dished end without stays). 
i eH eae te a 
: 30-4' * 
If with manhole, t = 5 + wr a? = St 52% Bor e8 - =~ Froposed | 
Knuckle radius = 4«(" = 4" Proposed o: 


FURNACE. Tensile strength =26-30 lons/j,¢ 


Cylindrical Furnace (least pressure obtained by formule). 


2 
(© = 1)" 5 1450 if welded, or Fo 1450 - 
W.P. = 2ay x Di * | 1800 if riveted {= +24) *42-875 425 bys 
lu(t-1)-L 50 if welded, ihe 
WAP. = ae \ 45 if sivatad i } = fo aes Jss0 =3325 Ibhigt 


For point of support pitch of stays not to exceed 14 x thickness if riveted over, or 16 x thickness if 


nutted , Pitch = Upper dished furnace crown 


Dia. of Stays over threads = 2-25 x t= WP « 25Gs-) =172 thy, 2 
. i ” ” 
Bini riee tee | wea Kmekle rade = Grky = 3" Ropmed 4 
Ogee Ring, W.P. = ei) 9 = Lower dished Crown 
Dx ()-@) 275(38-1) 
WP = 67-1875 =(AStS lOfgt 


Khuckle radius = 4xl¥g -4% Proposed 5” 


Shell plate in woy_of tubes 
Longitudinal Efficiency = joao 26) = 58:3% 


2 
Diogonal Efficiency = -384«42(42-0:95«2'5) * 00 


(6%+05*59%)(42-095%25) +0375 *2:5*6*5-9) 
= 4147 


Furnace plote 19_Way of tubes 


Longitudinal Efficiency OG Tig ote es 51:77, 


Diagonal Efficiency = _3-84%4:78 (4-18 -0:95«2-962) * 100 
(7?4+.0:5%65*)(4-78- 0-95 2-962) +(0375*2 962*7* 65) 


= 3767, 
Furnace length. = TI" < 236%) 
Furnace WP = 5%376* (38-1) = 162 Iby,2 
42-875 


Distance belween knuckle radius and weld attachment 


Shell crown =, Jo as a eae 2% 
Upper dished furnace crowqg = 27 - 2% ~ 1% Froposed 14 
Lower dished furnace crown = 2T = 2x1% - 2% Froposed 2h" 


Circulo ling _and thimble lubes 


Thick ess required = !50%*325 f = 132" 
u 4 Todo” + 15x325 + 4 = 

Adding | gauge 241032: abe — 12:52" 
J 139 loo ~ loo 100 


Proposed thickness (allowing for 5% minustolerance) = ‘144 _ (2 44) <2 a 


Maxirmym hole in_shell without compensalion (25x1%) + 24 = 6%6 


.. No compensation required for 64" mudholes 
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C. Top Plate, if dished, W.P. = A DY 


1450 if welded, or 
1300 if rivoted 


50 if welded, or 
45 if riveted 


| 
“| 


re 
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C.C. Back Plate, if stay 


ep _(t=1F 
WP. =p * 


if natted, or 
SOY riveted 


\= 


TUBE PLATES. Tensile stren 
In nest, W.P. = eeu = 


If composing shell, 
Frout Tube Plates, W.P. = 


Back Tube Plate, W.P, == (2) * | 


Each alternate tube in outer vertical rows to be a stay tube. 


Back Tube Plate in compression, 


We = Bis 
Wxob 


C.C. GIRDERS. C for 1 stay = 247°5, for 2 or 3 stays = 371 
Cxdxt 8 


WE=(-Pyx Dx 38> 


SCREW STAYS. Material No. of threads per inch 
— +267)? x 825 
we.= ( 2677 x 8250 = 
PLAIN TUBES.. Ext. dia= Thickness reqd. = 


STAY TUBES. Ext. dia. = Thickoess fiteed = 


GUSSET STAYS. WP. = 
MANHOLE COMPENSATION PLATE. Least %, reqd. = 


Section of Shell Plate cut out = 


Riveting of Compensation Plate = Plate %J at ends 


aoe 


FLANGED MANHOLES. Depth of Flange = y t x w 


CROSS TUBES. W.P. = 

(24-5) «1450 = 228 Ibfin? 

UPTAKE. W.P. = (66+24) 7255 
[1o(24-5) -66]* 50 = 243 Ibfin? 

25:5 
Exhaust oss = ee 

SAFETY VALVES. Area Required = 3 (So+I5) "48 
{Oil foel = 450"6 _ 
(So+H15)*4-8 
COPY OF APPROVED PLAN IS NOT Surveyor's 


BETAINED FOR REFERENCE 


L.S.G. Thickness\{tted = 


No of threads 


Compensation fitted = 


Tensile = 


LS.G. 


- 346° Froposed so 


4161in'| Total = 756 in 
= 34%n*| Froposed = 2@2%" 
= 982 in 
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Discussion on Mr. W. Blacklock’s Paper 
BOILERS AND AIR RECEIVERS 


Mr. J. McAFEE 


The knowledge gained during a_ period 
passed in the Plans Department of Head Office 
is a tremendous asset to the Surveyor where- 
ever he may subsequently find himself. It 
enables him to discuss proposals in Drawing 
Offices, to explain the reason behind amend- 
ments on approved plans, to assess the intrinsie 
worth of a particular form of repair or the 
acceptability of parts which, through one cause 
or another, are reduced in strength. For some 
of us perhaps its greatest value is the fact that 
those so graduated do not cable across the 
world to learn if a fraction of an inch may be 
removed from the main crankshaft or added to 
the pitch of the boiler stays. 


Unfortunately it is physically impossible for 
all Surveyors to pass through the Plans 
Department, but Mr. Blacklock’s paper should 
enable those who study it—and it is well worth 
studying—to appreciate how the usual pressure 
vessel cases are handled. The Author himself 
would be the first to admit that a great deal 
of the paper is concerned with merely the basic 
and elementary stuff but it is none the less 
valuable for that as it is sometimes the basic 
and fundamental things that are so easily over- 
looked. ‘Take the simple treble riveted double 
butt strap. I was casually discussing this one 
day with a grand old man who taught me what- 
ever I know about the art of boiler making 
when he said, “You fellows with your theories 
have no common sense—you go and leave out 
every other rivet at the edge of the butt strap 
just where I would like a close pitch for the 
caulker”. I found it distressing to wound his 
feelings by telling him some of the simple 
things. 


The cylindrical multitubular boiler must be 
one of the most rugged things that has ever put 
to sea and given half a chance, and an occa- 
sional set of new tubes, can go on giving steam 
for a life-time. ; 


I was myself until recently regularly sur- 
veying one which was installed 20 years before 
the first Diesel-engined vessel was constructed. 
You may be interested to know that the oldest 
classed boiler in the Register Book is fitted on 
board the 8.8. “ELLEN” built in 1878. 


The Author enquires if any trouble has 
arisen due to deflection of flat end plates and 
no doubt most Surveyors will emphatically 
answer “No”. This should re-assure those who, 
on learning how working pressures are deter- 
mined by means of circles, trapeziums and 
other magical figures, may imagine that some 
kind of jiggery-pokery, and not pure science, 
is involved. 


Taking a broader look at Mr. Blacklock’s 
paper I feel that one word of warning may be 
necessary in order that the uninitiated may 
understand what is meant by the word 
“acceptable”. A day seldom passes in London 
without some original or unusual idea or design 
being submitted for approval. Now the 
purpose of the Plans Department is not to find 
ways for rejecting these proposals but to 
discover if there are means whereby they can 
be accepted within the widest interpretation of 
the Rules. It does not follow, therefore, that 
because some arrangement is described as 
“acceptable” that it necessarily represents the 
best practice. 


In this respect I cannot conceal a personal 
prejudice against some of these types of welded 


joints which inevitably result in local constric- 
tion. A boiler under steam is a living and 
breathing thing and, where stiffening and 
constraint are present in the design, trouble 
will sooner or later oceur. Mr. Blacklock has 
himself drawn attention to this point when 
mentioning furnaces on page 10 but the 
warning would have been more appropiate on 
page 16. 


Since Mr. Blacklock wrote his paper two 
startling incidents have oceurred; one has 
involved the failure of longitudinal stays 
attached to end plates by welding only and the 
other involving the complete failure of the shell 
plate of a new riveted boiler whilst under 
hydraulic test after construction. The failure 
took place longitudinally along the edge of a 
seal weld at one of the butt straps. When parts 
are attached by combined riveting and welding 
and subject to stress, the attachment which has 
the least ductility will take the greater share 
of the load. Further, the less amount of 
welding deposited the worse this effect will be 
since the annealing influence of successive runs 
of welding will be absent. On the other hand, 
a large amount of welding is likely to have a 
disturbing effect on the riveting, so that one 
can only say that the combination of riveting, 
and welding is not a good thing, in fact it is 
only done because riveted boiler making is 
gradually becoming a lost art. 


Consider, for example, the matter of 
caulking: in really good boiler making such as 
was insisted upon by the Admiralty in the days 
when they were still interested in riveted 
boilers, the seams were so carefully fitted 
together that after riveting, caulking was not 
only unnecessary but not permitted and tight- 
ness was ensured merely by fullering the plate 
edge with a broad tool. 


Today, in many boiler shops, riveted seams 
are thrown together, pushed and hammered into 
position, riveted with uneven holes without 
removal of burrs and finally caulked, and 
caulked again, with a sharp splitting tool until 
the work can be made tight enough to pass the 
hydraulic test. It is no wonder that such 
boilers begin to give trouble often before their 
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first year of service is complete and that this 
trouble is so frequently the forerunner of 
chemical cracking. But this is a digression and 
Mr. Blacklock will take me to task for straying 
from the subject of a paper which, I am sure, 
will merit a full and lively discussion. 


Mr. T. D. SHILSTON 


The Author is to be congratulated on this 
paper which should be of great interest to a 
large number of Surveyors who have not had 
the opportunity of London Office experience. 
The paper must have entailed a lot of work 
and is so full and detailed that little seope is 
left for enlarging upon it, but there are a few 
points which might be worth commenting upon. 


Referring to page 3 under corrosion allow- 
ance for boiler shells the Author’s remarks, 
while admittedly generally applicable are, I 
think, too optimistic. I remember seeing a 
boiler lying on the quayside where it had been 
lifted, under its own steam as it were, from the 
boiler room of a ship clearing its own path 
through the obstructing steelwork. The boiler 
shell had torn along the longitudinal seam 
where the thickness had been reduced to Ys in. 
or less. While it is not suggested that an extra 
vs in. on the boiler shell would have been 
significant in this case, I do not think corrosion 
is a factor that designers ean yet neglect. 


The paragraph on page 5 on furnaces would 
be made complete by a note on the maximum 
Rule thickness of t# in. Excessive thickness can 
encourage overheating with consequent distor- 
tion. This does not apply to furnaces of 
thimble tube boilers as the Author remarks 
later in his paper. On page 6, when dealing 
with the working out of flat plates, Mr. 
Blacklock deals with spaces bounded by four 
points of support in the shape of a trapezium. 
Where four points form a quadrilateral with- 
out any parallel sides the denominator a?+b? 
in the formula becomes 2a? where “a” is the 
mean of the four sides. 


The Author mentions on page 12 that the 
formula for the thickness of plain tubes is 
based on that for furnaces. This has proved 


a satisfactory basis but in point of fact tubes 
fail by local corrosion and perforation and not 
by collapse. 


On page 14 the seal welding of the edges of 
butt straps is mentioned. In view of a recent 
oceurrence this practice will need reconsidera- 
tion and should not be accepted by Surveyors 
without prior agreement from Head Office. 


Forge welding of pressure vessel seams is 
mentioned on page 18. It will be noted only 
one Firm is approved by the Society for the 
welding of Class I Pressure Vessels by this 
method and this approval was given in 1938. 
This gives point to the Author’s contention that 
the forge welding of pressure vessel seams is 
obsolete. 


Another point regarding the design of boilers 
which should receive attention at an early stage 
is that of access for cleaning and examination. 
Whilst most boilers are satisfactory in this 
respect, many Surveyors will be able to recall 
struggling with difficulty through too small or 
bady positioned manholes or trying to work 
one’s way down an exceptionally tight space 
between nests of tubes in order to examine 
furnace crowns or, even worse, pushing one- 
self up again after having examined them. 
These are matters which can be put right in 
the design stage but once the boiler is built 
nothing can be done about it. 


Mr. E. R. HALL 


Mr. Hall complimented the author on his 
paper and the method of presentation but 
joined with Mr. Shilston in commenting on the 
matter of corrosion allowance, and suggested 
that it might be undesirable if the impression 
were conveyed that the corrosion allowance 
might be dispensed with. The Rules clearly state 
that the working pressure should be assessed on 
the thickness including this allowance. 


The fact remained still that in certain classes 
of vessel smooth wastage occurs on the under- 
side of the boiler shell in addition to pitting on 
the inside. Pitting alone is easily assessed and 
if scattered is not unduly dangerous but when 
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it is associated with smooth wastage it is much 
more serious. He remembered how, on two 
occasions, he had been lucky enough to put his 
hammer through a boiler shell bottom in such 
circumstances. 


Mr. Hall drew atttention to the fact that some 
parts of the boiler design could not be assessed 
on purely theoretical considerations and cited 
an instance where the scantlings of a boiler had 
to be substantially increased to withstand the 
hydraulic test without undue deflection despite 
the fact that the original scantlings had been 
duly considered and approved. 


In this connection he drew attention to the 
statement that the Ogee ring formula should 
be applied to the lower dished plate of 
the donkey boiler illustrated in the paper. 
In the example shown, this plate would 
not work out on the Ogee ring formula and 
from the calculation sheet it seemed that it had 
been calculated as a dished plate with external 
pressure with which he agreed. In his opinion 
the Ogee ring formula applied more appropri- 
ately to the Cochran boiler where the furnace 
was practically unsupported. 


He also commented on some of the welded 
combustion chamber connections shown which 
did not all appear to be good boiler making and 
questioned the logie of not allowing combustion 
chamber stays to be welded at their connection 
to the shell although heavy welds were permitted 
in such vital spots as shell manhole compensa- 
tion and mounting pads. 


Mr. J. ANDERSON 


It should be mentioned that the results of the 
experiments on the support provided by welded 
stays as compared with that of serewed and 
nutted stays referred to on page 6 of Mr. 
Blacklock’s paper, are included in a paper on 
the use of Electric Resistance Strain Gauges 
given by Dr. Dorey in April, 1944, to the 
Institution of Naval Architects. 


It is of interest to recall that when it was 
first proposed to secure boiler stays by means 
of welding, it was anticipated that this form of 
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attachment would be adopted by boiler makers 
here and abroad, and to ensure uniformity in 
practice, sketches of various types of acceptable 
welded stay attachments were prepared in the 
London Office. 


To simplify the assignment of a suitable con- 
stant for each type of welded attachment these 
attachments were designed to be equivalent to 
the various serewed and riveted or nutted 
attachments covered by the Rules, and given 
the corresponding constants, as shown on page 
7 of this paper. 


As anticipated, enquiries were received from 
a number of boiler makers here and abroad 
concerning the Society’s acceptance of welded 
stays and many copies of these sketches were 
furnished for the guidance of the firms. 


This has resulted in the adoption of standard 
types of attachments which are in most cases 
identical to those shown in the sketches pre- 
pared here. 


It is also of interest to mention that with 
slight modifications in the design and value of 
the constants, similar welded stay attachments 
have been adopted in at least one British 
Standards Specification. 


This paper should be of interest to all mem- 
bers of the Staff Association and of particular 
usefulness to Surveyors taking up duties in the 
engine plans department and for this Mr. 
Blacklock deserves our thanks. 


Mr. J. LIDDELL 


I wish to associate myself with the previous 
speakers who have paid compliment to the 
author for his useful and informative paper. A 
number of points which I had in mind to men- 
tion have already been referred to earlier in the 
discussion so I will confine my remarks to one 
or two remaining points to which I think 
attention should be drawn. 


After discussing the Society’s Rule for deter- 
mining the working pressure for riveted eylin- 
drical boiler shells on page 3, i.e. 


wpa(t—2) 8x J 


CxD 


the author makes a number of statements which 
may mislead and thus call for comment. 


I agree that at the present time more atten- 
tion is being paid to water treatment than 
formerly but there must be a large number of 
boilers in which wastage, pitting and corrosion 
have occurred and may in fact be going on at 
the present time. The deduction of ,?, in. from 
“t” in the above formula has always therefore 
been regarded as a corrosion allowance, and 
not a tolerance ,when rolling a new plate. 


In the case where a steelmaker requests that 
consideration be given to the acceptance of a 
plate which has required to be dressed, and 
which in consequence is less than the Rule thieck- 
ness, account is taken of the actual tensile 
strength of the plate but the .3, in. corrosion 
allowance must also be provided. 


Again, it is for the purpose of allowing for 
this wastage and corrosion that the Rules require 
the inner butt strap to be ,*, in. thicker than the 
outer butt strap and it is surprising that in 
the paragraph in the paper dealing with butt 
straps the author has made no reference to this 
difference in Rule thickness. This paragraph 
also creates the impression that in all eases, 
provided the thickness of a butt strap is % 
times the thickness of the shell, then it is of 
suitable thickness for caulking. With compara- 
tively thin shells, however, particularly in 
vertical boilers, the butt straps are often made 
the same thickness as the shell to facilitate 
caulking. 


This paper and the worked examples which 
have been included should prove helpful and in- 
structive to Surveyors who have occasion to 
concern themselves with the seantlings of boilers 
and pressure vessels, 


Mr. S. ARCHER 


Mr. Blacklock has done a very competent job 
in presenting this comprehensive and detailed 
paper to the Staff Association, and his colleagues 
both at home and abroad will wish to thank him 
for all the time and effort he has obviously ex- 
pended in its preparation. 


In my own time on machinery plans under 
Mr. Heck we had to make do with one or two 
standard instruction sheets and if we did not 
know, well, we just had to ask, which was not 
always perhaps the best way to learn. New- 
comers to the art of boiler “scanning” can now 
thank Mr. Blacklock for giving them all, or at 
least most, of the answers! There is only one 
very important point which seems to have been 
overlooked. The author has not divulged the 
technique of recognising a duplicate case at five 
yards, which, in my day, was regarded as quite 
a necessary accomplishment ! 


In going through the paper there were just 
one or two points which may perhaps call for 
comment. 


At the foot of the first column of page 3 the 
author considers that because feed water treat- 
ment is now more commonly practised, the vr 
in. corrosion allowance ean be regarded more in 
the nature of a kind of negative tolerance on 
shell thickness. This is, I feel, a little optim- 
istic, especially for donkey boilers, and it is well 
to bear in mind that the Rules have to legislate 
for the lowest common denominator of ships. 


On page 4, right-hand column, the author 
rightly points out that the function of many 
riveted seams in a Scotch boiler is more to en- 
sure tightness than for mechanical strength, 
most of the loading being taken on stays, ete. 
This is, of course, equally true of the cireum- 
ferential shell seams, for which a slight defi- 
ciency in strength is therefore of much less con- 
sequence than for the longitudinal joints. 


On page 7, Fig. 4, the constants for the 
double-nutted stays, i.e., 96 and 84, should, of 
course, be reversed. 


On combustion chamber girders (page 9 and 
Fig. 7), I remember being intrigued to know the 
derivation of the constant, 


n 
C= < 495 for odd number of stays 
n+1 


n+1 y¢ 495 for even number of stays. 
n-+2 

For those who may be interested, the formule 
may be arrived at in the general ease by the 


and 


summation of arithmetical series as follows : 
Derivation of Formula for Combustion Chamber 
Girders 


wp Qt Caoean 


~ Gi=P)xDxt 


wherec= (< :) x 495 if number of stays is odd 


: <r AOR, 45 3 br seek 
or ( (243) x ’ 


(1) If n is odd—Fig. 25 


: (22!\p 


Fie. 25 
Take load supported by each stay, 
W=WPxDxP 
L=(n+)P 


Assuming beam simply supported, maximum 
bending moment will occur at mid span, 


W 
i.e., at Ga and Reaction R="5 
1 
BMA sek oe Yp—w("5 i: yp 


-w(*5 \_2)p...-w(5)P 


7 ) 
=” = | (= ; (n—1)+(n—8) 


? 2 4 


W x [ae + NTE Nes 1 ‘] 


Weekes fs 
=—2—(n+]) 
0+ Dx Px WP. Ib-ins. 
; Se Ea by 
Modulus of section L=35 Xe =T55 ins. 
* BMe a 
Stress, fiman=— 7 > 


rebel Sees. DxP?x(n+1)?_ 192 
” 8 xid 


fi xdxt 
Ww p —__-/ (max) 
or W.P.= pry TD x 24(n-+ 1)" 


rome F nD d’x t 
=o4* (n+1)* (L—P)x Dx L 
-3y= 499 or f= 11.880 Thfin 


(2) Ifn is even—Fig. 26 
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(3) Case of continuously welded girder—Fig. 27 
—=—€_[_—_—_—_—_——— SSS 
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Although in the case of ordinary stayed 
girders, the total steam load acting on the 
girder is taken as W.P. x D x (L-P), it will 
be on the safe side to take the steam load in 
this case as W.P.x Dx L. 


Further, although the ends of the girder are 
hardly to be regarded as simply supported in 
view of the resistance offered by the flanging 
to change of slope at these points, it will also 
be an error on the safe side. Thus, assume 
girder simply supported at ends of a span, L. 


Nile. xDxLxL 


shu ee — 3 
ee Wie ee Deilas —S 
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(allow f= 11,880) 


nw. Pinas x (F yx I, (in British Units) 


or W.P. = 1114x ¢ ) x by (in Metric Units) 


The reason why so little credit is given for 
the stiffness of the combustion chamber top 
plate is, of course, because in the case of water 
shortness these plates would quickly reach red 
heat. 


Rage 6, bottom of first column, the experi- 
ments with the stayed box in 1943 were about 
the earliest carried out by the Society using the 
then novel method of stress measurement, and 
were altogether very illuminating. I can still 
remember burning my fingers when applying 
the strain gauges, which in those early days we 
put on with a hot-setting wax known as W.E.6! 
No attempt was made to measure absolute values 
of principal stresses, ete., the tests being purely 
comparative with gauges situated at identical 
points on the two sides of the box. Yield did 
not occur until comfortably above the Rule test 
pressure of 480 lb./in.2 appropriate to the 
8 in. x 88 in. x 3 in. panels and screwed and 
nutted stays arranged on one side of the box 
and failure did not take place before a pressure 
of no less than 1300 Ib./in.2 was reached, when 
one of the central stays, countersunk welded to 
only half plate depth, pulled out of the plate in 
a shear failure. This demonstrated not only the 
effectiveness of the welded stay, but also the 
ample factor of safety in a new boiler. The 
seemingly surplus strength is, however, neces- 
“sary to provide for the possibility of corrosion 
and/or loeal overheating due to heavy scale 
formation, ete. For those who wish to know 
more about these tests, the reference is: “The 


use of Wire-wound Electrical Resistance Strain 
Gauges, as applied to Engineering Problems, for 
the Measurement of Statice Strains”, by Dr. S. F. 
Dorey. Trans. Inst. of Nay. Arehs., Vol. 86, 
1944. 


Page 12, last paragraph, the shear area of 


the rivets has, of course, to be corrected for 
difference in ultimate strength as in the ease 
of the compensation plate. 


Page 14, safety valves (top of second column), 
there seems to be an apparent contradiction in 
reasoning here. 


The mass discharge in lb./see. from an orifice 
is proportional to the product of the throat area 
and the square root of the absolute pressure 
divided by the specific volume. Hence, for 
equal pressure and mass discharge for saturated 
and superheated steam it is necessary to in- 
crease the discharge area for superheated steam 
directly as the square root of the ratios of 
specific volumes (superheated to saturated). 
Perhaps the author could enlarge on this point. 


Mr. P. McKECHNIE 


Having had in mind for some time the 
thought that a comprehensive note book 
detailing the “modus operandi” of checking 
machinery plans should be available for each 
Surveyor on plans (although not necessary for 
general publication), I therefore congratulate 
Mr. Blacklock on the publication of this paper. 


In so far as the contents deal largely with 
the Society’s Rules and established practices 
my comments are essentially of a supple- 
mentary nature. 


PAGE 2 
~ Riverep Jornrs 


In confirmation of the fact that theoretical 
efficiencies are not always obtainable in 
practice, Stromeyer* gives details of an 
investigation on a riveted joint, similar to that 
shown in Fig. 1, the calculated efficiency of 


* Marine Boiler Management and Construction by C. E. 
Stromeyer. 


which was 85°3 per cent. It was found by 
experiment, however, that the joint was only 
equal to 74:1 per cent. of the solid plate. 
Improvements in the practice of boiler making 
have no doubt been made since that time. 


PAGE 4 


It is normal practice to drill rivet holes 4} 
in. larger for rivets up to about % in. diameter, 
and ys in. larger in diameter than the rivets 
for sizes above § in,, and the author correctly 
points out that “d” represents the diameter of 
the rivet holes—as also defined in the Rule 
book—it may, however, be emphasised that by 
the same token, “a” is the area of the rivet 
hole. 


With reference to rivet spacing the Society’s 
Rules prior to 1920 gave proportions for the 
rivet spacing based on diagonal pitches which 
although now expressed in a more convenient 
and practical form, remain _ essentially 
unchanged from that date. It may be of 
interest to note the method by which the pro- 
portions were evolved which is as follows. It 
is assumed that the stresses between the rivet 
holes are uniformly distributed, and also that 
the shell and butt straps are built up of a 
number of tapes or bands, as shown in Fig. 21 
each of which are considered to be of sufficient 
sectional area to carry the load. 


In Fig. 21 FOR FIVE RIVETS PER PITCH JOINT. 
Stress Banps In PLATE 


10 bands pass through a space of width (p—d) 


Width of band a 9) 


3 bands pass through distance X, 


3(p—d) 


0 +d =-"3p+ ‘7d 


Diagonal pitch at X, = 


Srress Banps rin Burr Straps 


10 bands pass through a space of width (p—2d) 


3( p—2d) 


io 4 


Diagonal pitch at X, = 


Half section of riveted joint showing stress bands in butt strap and shell plates respectively 


aoe 


Butt strap in position 


Vertical distance y 
=,/¥ ey 
= [sp +sas 2ap(9p+-4d—25p 
= [camp +-saycosp 4a) 
ee Sn MbA pet Sa)(P SOs tere ssccon. se (2) 
a 20 


Either of expressions (1) and (2) will 
be found on reference to earlier B.O.T. 
requirements. 

As a check, applying this method to the 
longitudinal seam of the boiler dealt with in 
Appendix I, the following results were 
obtained :— 

Diagonal Pitch As Calculated 


As derived 


above from Rule 

dimensions 
At Xi $°93” 4°35!’ 
At Xo 3:5" 3.54! 


dese 


Butt strap removed 


While the assumptions made are not entirely 
correct they give results which are well 
supported by practice and experience. This 
method has been applied by myself to seams of 
older boilers, having 9 and 11 rivets per pitch, 
with satisfactory results. 
PAGE 3 

Reference is made to the thickness of butt 
straps and while it is theoretically correct that 
each butt strap in the joint need only be made 
half of the plate thickness, from practical 
considerations the outer strap is made § of 
the plate thickness and the inner strap % in. 
thicker than the outer. The fact that butt 
straps are made thicker than theory would 
demand, is no doubt, among other things, bound 
up with the necessity of having a thickness 
such that the edge of the faying surface will, 
in fact, “spring” to make an effective seal, but 
that the plate will not distort. In the past 
Continental builders very often adopted treble 
riveted double butt strap joints having more 


than five rivets per pitch, in these cases the 
butt straps were shaped to provide a longer 
and stiffer caulking edge. 

The tendency to “barrelling” is not only con- 
fined to double ended boilers, as suggested by 
the author, but could take place in any cylin- 
drical vessel where the ends are restrained by 
longitudinal stays, and therefore with unstayed 
ends the higher cireumferential efficiency is not 
a requirement. This fact is noted by the 
author on page 26 dealing with air receivers. 


THICKNESS ADDITIONS TO PLATES 

The author’s comments on page 3 regarding 
the “real operative thickness of — shell 
plates’ may be misinterpreted. For new 
boilers the plates should not be aceepted where 
they are less than the approved thickness 
(which includes 75 in. for shell) unless in the 
cireumstances later stated by the author, i.c., 
where local thinning is compensated for by an 
inerease of U.T.S. over the minimum require- 
ments. The necessity for corrosion allowance 
has been established by many years of expe- 
rience as being both desirable and necessary. 
The reasons for the difference in allowance for 
shells and flat plates cannot be connected with 
rolling mill practice, as plates of similar thick- 
ness may be used for the shell of one boiler and 
for the end plate of a different boiler depend- 
ent on design conditions. 
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PAGE 5 


FURNACES AND ComBusTION CHAMBER Borrom 
PLATES 


With reference to the thickness of CC bottom 
plates, an arrangement similar to that shown 
in Fig. 3 was employed in earlier years of 
boiler design, and as the formula for cal- 
culating such thicknesses is not stated in the 
Rules, but the use of such a method may be 
required on occasions to-day, perhaps the 
following will clarify this method, which essen- 
tially requires an equality of plate sectional 
area between an imaginary furnace of full 
length and the combined sectional areas of 
furnace, furnace saddle and CC bottom plates, 
see Fig. 22. 

1. The thickness T of an equivalent furnace 
of length L and outside diameter D is cal- 
culated by either of the formule stated in 
the Rules (J 602). 

2. Thereafter :—T x L=(1, x te +1. x t. +1. x t,) 
or the CC plate t.=(T x L)—(t, xl, +t, x1.) 

he 

In view of the fact that all lengths are meas- 
ured from the rivet centres, as points of 
support, it would appear to be more consistent 
to use dimension “1,” rather than “B” as 
proposed by the author, although dimension B 
has often been used. 


PAGE 6 
Frat PLAtTEes 


With reference to the flat plate, formula d? is 
given as the alternative to (a2+b?) and defines 
d as being “the diameter of a circle which can 
be drawn through three or more points of 
support which should not all lie on one side of 
a diameter”, to which should be added “and 
does not enclose any other point of support”— 
a reference to area (U) on page 33 will make 
clear the neeessity for this addition. The 
ealeulation for this on page 30 is therefore 
incorrect in this particular instance although 
on the safe side, but gives force to the remarks 
on page 10 for this detail. 


PAGE 10 


Concerning the effeet of expansion which 
oceurs in furnaces, plain or corrugated, perhaps 
the author would elaborate the “natural 
elasticity” which is nullified by heavy stays. 
In general a boiler during its service passes 
through various stages, eg., lighting-up, 
banked fires and full power steaming which 
create conditions where the effects of expansion 
are not the same, in consequence of which it is 
desirable from practical considerations that a 
breathing space be allowed at positions which 
would be affected most. Such a space is the 
back tube plate in way of the furnace. 


PAGE 17 


WELDED CYLINDRICAL BOILERS 


While agreeing that the shear area of a 
continuous fillet weld is in excess of shell plate 


cut out, the further «remarks on manhole 
compensation plate would appear to be 
redundant since the usual attachment of 


compensation plates is as shown in Figs. 12 
and 13 and relies entirely on welding; caleula- 
tion of the riveting is, therefore, impossible. 


PAGE 18 
Water Tuse Borers 


For fusion welded drums the efficiencies of 
the welded joint are as stated, being based on 


a constant of 34°5. The constant for a seam- 
less shell is 35 and on this basis the efficiencies _ 
are between 1 and 2 per cent. lower and reflect 
unfavourably on the thickness of fusion welded 
pressure vessels particularly Class I (fired). 
Reference to this point has been made by 
Mr. H. N. Pemberton in his recent Thomas 
Lowe Gray lecture read before the Institution 
of Mechanical Engineers. 


PAGES 19 AND 20 
Tusr PLATES 


The author rightly points out, as intended by 
the Rules, that for caleulations the equivalent 
internal diameter in way of the tube plate 
should be used. It is known, however, that in 
relation to a “thick” cylinder, the “thin” eylin- 
der formula at present used in the Rules, 
underestimates the actual stress, and with 
greater working pressures and consequently 
thicker tube plates now common, it may be that 
the equivalent mean diameter would represent 
a more accurate compromise. 


PAGE 23 
HEADERS 


The author states that the wall thickness of 
rectangular headers is based on the usual type 
of flat plate formula. If by this it is meant the 
type used for flat surface in cylindrical boilers 
then the statement is not correct as the thick- 
ness there is dependent on points of support 
either (a?+b?) or the equivalent d?. The 
formula has been derived somewhat as follows 
and is based upon an estimation of the stress 
acting at the corners of the headers which are 
considered as beams. 


Considering each side of a box as being of 
unit length and inside breadth b, as a beam 
with fixed supports and uniformly distributed 
load caused by a pressure P. 


F Pb 
The maximum bending moment = aa 
(which occurs at ends) x 
: ‘ t 
The modulus of the section ar 
) 


Pb? 6 _P (by 
127 Ft OD (Eb) 


: pi Px5l2 
or the thickness “t” in 32nds =b x = ‘ 


~. the bending stress f= 


which can be written as in the Rule book, 


i.e. t=b x A ag corrosion allowance. 

The factor C is based on experience with 
such headers and includes for the effect of 
direct stress on the walls. As the bending 
moment at the centre of the header is half that 
at the ends, ligament efficiencies greater than 
50 per cent. would not affect the wall thickness. 


In general, the use of steam domes is far 
from being obsolete for new boilers in this 
country and are certainly more popular on the 
Continent. Also as there have been, in the 
past, failures of shells in way of steam domes, 
I feel, therefore, that the value of the paper 
would have been enhanced by a more detailed 
explanation of pitfalls associated with the 
attachment of steam domes to shells. 


Further, while agreeing that the different 
types of vertical boilers are legion, broadly the 
calculations are essentially similar to that of 
the horizontal boiler, but there are differences 
in detail and in this respect, I feel that some 
reference to the treatment of unbalanced loads, 
which oceurs for example in vertical water tube 
boilers, would have been helpful. 


Finally, on the purely mechanical operation 
of calculation I would suggest the use of nomo- 
grams or graphs for certain calculations, 
particularly flat plates, where for different 
areas values of (a2+-b2) have to be caleulated 
in each case. Obtaining facility with such 
graphs would not entail any more mental effort 
than that of slide rule manipulation and would 
certainly be more speedy and no less accurate. 


Mr. E. L. GREEN 


In my opinion, this is a very useful and in- 
formative paper and Mr. Blacklock has done 
well to concentrate on the ordinary “Seoteh 
boiler”, as the plan of this type of boiler often 
forms the “Pons Asinorum” for the earnest 


young surveyor on the fourth floor. There are 
many who have blunted their sword of enthu- 
siasm on the end plates of such a boiler, so 
much so that they may consider it infinitely 
preferable to crawl through the boiler than to 
work through it! 


As Mr. Blacklock says, the Rule Book has its 
limitations and it is generally recognised that 
many of the Society’s requirements are a 
minimum consistent with some preconceived 
standard. 


Probably only those who have been on the 
fourth floor ean appreciate the careful study 
which each problem receives and the past 
records which are consulted before important 
decisions are made. The outport Surveyor who 
receives an amended plan or explanatory letter 
may not always appreciate that, behind the 
careful and sometimes pedantic phrasing, there 
lies a wealth of experience and precedent which 
is probably unequalled in existing marine 
engineering records. 


Mr. Blacklock’s paper deals very fully with 
the routine work of approving pressure vessel 
plans, but there are a number of points which 
I think could be further elucidated, viz. : 


(1) Rrvetine, PaGE 4 


The formule for strength of rivets and 
plating are, of course, standard; but it may 
appear somewhat anomalous in one formula to 
assume that the rivet fills the hole (i.e. the 
diameter of the hole is taken) and then, in an- 
other formula, to consider the actual diameter 
of the rivet; for example, compare the follow- 
ing— 

Percentage strength of plate at 
joint compared with solid plate 
_ 100(p—d) 
p 
Percentage of strength of rivets 
as compared with solid plate 


(a) 


_ 100(8, x ax nx C) 


ss = (b) 
Sx px 


where d=diameter of rivet hole 


and a=sectional area of one rivet 


If it is assumed that the rivet fills the hole, 
should not the area of the rivet hole be taken in 
formula (b)? 


(2) The space “E” referred to on page 8 and 
shown in appendix 1, page 33, is often a weak 
point theoretically; however, in the Society’s 
Rules, no account is taken of the support given 
to the tube plate by the plain tubes, and it may 
be that, if this support was considered, then the 
area referred to would be found to be adequately 
supported. 


Fusion WELDED SHELLS, PAGE 18 


I always understood that the efficiency of the 
longitudinal joint of fusion welded pressure 
vessels was given by the formula in Chapter J, 
paragraph 1717, of the Rules, viz. : 


Permissible stress in welded joint in lb./[_]in. 


560 x min. tensile strength of shell plate in 
tons/[_]in. 


which, for a minimum tensile strength of plate 
of 28 tons/[_] in. gives: 


Efficiency *j,! 89 | «83 | 79 74 69 | G4 /59 [54 | 


In which ease, it would appear that the longi- 
tudinal efficiency for a welded boiler is lower 
than that for a riveted boiler of the same scant- 
lings. 


DragonaL Prrcutne, Figure 15, Pace 19 


Could the author give the origin of the 
formula for diagonal efficiency? I have tried 
working out the diagonal efficieney from first 
principles, using principal stresses, but I can- 
not arrive at the same efficiency as given in the 
aforementioned formula. 


Further, with regard to this formula as used 
on page 36 of the paper, could the author 
differentiate between the different values of “d” 
employed in each ease? 


AUTHOR’S 


I would first like to thank all contributors 
for the interest they have shown in providing 
the discussion which greatly enhances the value 
of any technical paper. 


A correction should be made on page 7 to the 
third type of stay attachment illustrated in 
which the “C” values should be reversed, i.e. in 
flame 84, away from flame 96. Pages 28 and 
34 should be headed Appendix I and Appendix 
II respectively. 


In view of the almost unanimous attention 
that the remarks on corrosion allowance have 
attracted I propose to deal with this matter in 
a general reply. 


Although it is pointed out by Mr. Archer 
that the Rules have to legislate for the lowest 
common denominator of ships, this can give 
little satisfaction to careful users of boilers who 
find themselves committed to the “slowest ship 
in the convoy”. The type of corrosion most 
frequently found is probably that due to 
mechanical rather than chemical action caused 
by mechanical stresses arising from undue 
rigidity in the boiler. Further, the strength of 
the shell is governed by the strength of the 
longitudinal seam at which point the shell is 
protected by butt straps, and since the longitu- 
dinal efficiency does not exceed 85 per cent. it 
follows that adequate thickness is already 
provided in the remaining shell plating. 


To Mr. McArrr 


Far from taking Mr. McAfee to task on his 
digressions his interesting comments are indeed 
welcome. It is satisfying to hear that no trouble 
has been experienced with the deflection of flat 
end plates and although the factor of safety 
may be mathematically obscure it is undoubtedly 
on the high side. 


Mr. McAfee has some misgivings about the 
combination of riveting and welding and 
although welding has been employed for some 


REPLY 


considerable time, particularly for repairs, it is 
only since the war that this practice has been 
adopted by most boilermakers for new construe- 
tion and at the present time is fairly well estab- 
lished, 


As with many other engineering structures 
there has been a natural tendency to perpetuate 
previous practice of cast or riveted construction 
when welding has been introduced and in the 
case of the established design of Scotch boiler 
it is quite difficult to conceive the ideal welded 
design. Personally I have always wondered 
why someone did not think of fitting the fur- 
naces halfway up the end plates and having 
return tubes above and below the furnaces to 
improve circulation when oil firing was first 
introduced for Scotch boilers. 


In the absence of carefully conducted experi- 
ments, as in the case of the welded stay attach- 
ments, practical experience only can decide the 
rights and wrongs of welding in boiler construc- 
tion and in this connection I had hoped to hear 
of the experiences of the Outport Surveyors in 
the discussion. 


Reference has been made to the recent failure 
of a boiler shell plate with seal welded butt 
straps and for the present where it is proposed 
to attach pads and stand pipes for mountings 
and manhole compensation plates to cylindrical 
shells of riveted boilers by means of welding, the 
carbon content and the specified upper limit of 
tensile strength of the material of the shell 
plates should not exceed 0°26 per cent. and 33 
tons per sq. in. respectively. 


The above limits of carbon and _ tensile 
strength would also apply where it is proposed 
to seal weld riveted circumferential joints and, 
in addition, the boiler is to be tested by 
hydraulic pressure to that required by the 
Rules, before and after seal welding, with satis- 
factory results. The weld metal should be 
deposited in a single run and the size of the 
weld limited to 4 in. 


To Mr. Sumston 


I read with interest Mr. Shilston’s account of 


his exploded boiler and I am sure most of our 
Senior Surveyors have at least one treasured 
recollection of a boiler mishap attributable to 
corrosion, although not, perhaps, quite so start- 
ling, but it is well to remember that these 
incidents generally belong to the past. 


I doubt if any furnace has come down due 
to any other cause than overheating and it is 
prudent to design the furnace wall as thin as 
practicable and it may be pointed out that the 
maximum Rule thickness of }j in. is rarely 
used. 

Mr. Shilston’s remarks concerning plain tubes 
are confirmed by the generous corrosion allow- 
ance of 0°085 in. 


It will be noted that the question of welding 
has been dealt with in the reply to Mr. McAfee. 


Whilst Scotch boilers are fairly well adapted 
for cleaning and examination the same cannot 
be said of most types of vertical boilers and it 
is to be hoped that designers can be persuaded 
to give this matter much more attention than 
hitherto, 


To Mr. Hatt 


Mr. Hall rightly points out that some parts 
of boiler design cannot be assessed on purely 
theoretical grounds and although the Rules 
cover practically all the design of a Seotch 
boiler it must not be taken for granted that any 
type of boiler can be subjected to a satisfactory 
theoretical investigation of its strength. The 
limits of theory should at all times be borne in 
mind and many of the formule used in Seotch 
boiler design have been deduced by actual ex- 
periments. 


In the case of vertical boilers, owing to the 
wide variety of shapes and designs, some of the 
parts of these boilers are quite incapable of an 
accurate assessment of strength and approval 
can only be subject to no undue deformation 
taking place under hydraulie test. 


Jt was not intended that the Ogee ring 
formula should be applied to the lower dished 


furnace crown of the vertical boiler illustrated 
in Appendix IT. Although the plate connecting 
the bottom of the furnace to the shell of 2 
vertical boiler is usually ealled an “Ogee ring”, 
strictly speaking, this term is confined to that 
of a plate having continuous reverse curvature 
illustrated in Fig. 20. 


With reference to Mr. Hall’s remarks 
regarding Cochran boilers it may be mentioned 
that the Ogee ring formula was derived from 
the results of experiments carried out by 
Messrs. Cochran & Co., in 1912, in the presence 
of L.R. and B.O.T. Surveyors. Ogee rings for 
the purpose of test were riveted to a hemi- 
spherical furnace and shell, the annular space 
between the shell and furnace being filled with 
water which was pumped up to increasing 
pressure until permanent set took place. 


Mr. Hall echoes the feelings of Mr. McAfee 
about the welding of certain components of 
Seotch boilers and I would refer him to my 
previous reply. 


To Mr. ANDERSON 


I am grateful to Mr. Anderson for his ampli- 
fication of my remarks on the welded stay 
attachments and it is gratifying to hear of the 
Society’s part in their introduction. 


To Mr. LippEetu 


Attention has been drawn to the question of 
acceptance of shell plates slightly undersize and 
it will be seen that in the paragraph under 
notice the Rule formula should still be applied 
which provides for the 33, in. allowance. 


It is agreed it is sometimes desirable to in- 
crease the thickness of butt straps beyond the 
usual §th times the thickness of shell plate to 
permit of efficient caulking but in eases where 
the joint illustrated in Fig. 1 is used in 
conjunction with shells ranging from 4 in. 
thick and upwards the thickness required by 
by the Rules is sufficient. 


Mr. Liddell rightly points out the increased 
thickness required for the inner butt strap and 
I trust this omission on page 3 is made good 
by reference to the illustrated calculation sheets. 


To Mr. Arcuer 


The derivation’ of the constant “C” in the 
formula for combustion chamber girders is a 
welcome contribution by Mr. Archer as also is 
his first-hand account of the experiments on 
welded stay attachments. 


It will be noted that the shear strength of the 
rivets has been considered in the example of 
the manhole compensation plate set out on 
page 13. 


With regard to the increased safety valve 
area required for superheated steam the average 


ratio wh Vsup. 
V sat. 


was taken as 1°07 for each 100°F. of superheat 
which accounts for the 7 per cent. increase in 
area. It may be added that this ratio was evalu- 
ated from steam tables obtaining in 1932 when 
the Rule was introduced but from present steam 
tables the ratio is nearer 1:08. The force tend- 
ing to lift a safety valve consists not only of 
that due to static pressure but also of momen- 
tum of the issuing steam. The value of the 
latter force is reduced by virtue of the lower 
density of the superheated steam and the extra 
3 per cent. is estimated to compensate for the 
reduced proportional lift of the diameter. 


over a wide range of pressures 


To Mr. McKecuniz 


Mr. McKeehnie has obviously devoted some 
time and study to all aspeets of the paper and 
his remarks are worthy of attention. 


The notes on rivet spacings are of interest and 
it is quite probable that no changes were con- 
templated when the Unified Rules were being 
diseussed. It should be pointed out, however, 
that the diagonal pitch X, for the type of joint 
illustrated in Fig. 21 was specified to be 0-3p+d 
which gives the original vertical distance of 


(11p+20d)(p+ 20d). 
eT a 


From the above, X; becomes 4:36 in. which 
agrees closely with 4:35 in. as derived from 
Rule dimensions. 
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Whilst it is true that the edge of the butt 
strap springs when caulking, the term “spring- 
ing” is generally confined to the strap as a 
whole which is undesirable. 


The calculation for space (U) on the boiler 
plan on page 33 could have been ignored in this 
instance owing to the obvious adequate support 
of the three stays and the flanging of the furn- 
aces but it was felt that a single circle should 
be drawn merely to illustrate the procedure 
when stays are omitted. 


It is generally acknowledged that a breathing 
space is desirable in the back tube plate in way 
of the furnace and the Boiler Rules of certain 
Authorities stipulate a minimum breathing space 
but it is precisely within this space that heavy 
stays are sometimes fitted. It may well be that 
the almost constant trouble of leakage at the 
lower tubes could be eliminated by arranging 
each bottom tube at a fixed breathing distance 
from the contour of the furnace. 


The notes on page 17 regarding welded man- 
hole compensation plates are intended to be 
read in conjunction with the previous notes on 
riveted compensation plates on page 13. 


The proposal to use the equivalent mean dia- 
meter for calculating the thickness of tube 
plates would approximate more closely to the 
tensile stresses derived from the Lamé equa- 
tions. However, it is known that maximum 
stress is not the value which determines be- 
haviour in regard to rupture or deformation 
and for very thick tube plates it is probable 
that the maximum shear stress according to 
Guest would be used as a criterion for failure. 


The formula for the thickness of rectangular 
headers is analagous to the flat plate formula 
by reason of the type of formula used and not 
necessarily from theoretical considerations. The 
derivation of the rectangular header formula 
may be acceptable by virtue of its academic 
sunplicity but it should be noted that the stresses 
work out to approximately 30,000 lb. per sq. in. 
and 40,000 Ib. per sq. in. for east steel and 
wrought steel respectively which appear to be 
of a high order. 


Practically every type of vertical boiler re- 
quires independent calculations in respect of its 
design and in view of the limited use of the 
types involving unbalanced loads it was thought 
well to describe in detail a type frequently 
found on most ships. 


Mr. McKeehnie favours the use of nomo- 
grams or graphs and in this connection 
reference should be made to “Marine Boiler 
Design”, by H. C. Walker. 


To Mr. GREEN 


The area of the rivet hole is, of course, 
always used in calculations for riveted joints 
as will be seen from the ealeulation sheet in 
Appendix I. 


The support of tube plates by plain tubes is 
recognised in the Boiler Rules of certain 
Authorities and although the influence of the 
plain tubes on space (E) is not considered, it is 
more probable that the lap joint in the end 
plates provides extra stiffness. 


For the comparison between the efficiencies of 
riveted and fusion welded boiler shells I would 
refer Mr. Green to Mr. MeKeehnie’s contribu- 
tion. 


With regard to the diagonal efficiency in way 
of the tube holes the stresses acting on the liga- 
ment AB in Fig. 23 consist of f. and f, from 
which expressions for the normal stress f, and 
shear stress f. can be derived. The plane AB, 
however, is not the plane of maximum stress 
since the shear force on this plane causes bend- 
ing on planes parallel to it and the tensile 
stress due to this bending adds to the normal 
stress. Thus, on a plane JK parallel to plane 
AB and distance “y” from it, as shown in Fig. 
24, the normal stress is reduced owing to the 
increased sectional area, but the bending which 
with distance “y” causes a tensile 
stress which must be added to the resultant 
normal stress. An expression can be obtained 
for the maximum stress on the plane JK and 
by differentiating with respect to @ and equating 
to zero, the parallel plane on which the maxi- 
mum stress occurs is obtained, and a very com- 
plicated expression for the efficiency then 
results, not suitable for normal working. The 
formula given in Fig. 15 is an approximate one 
to that derived as above giving very similar 
results over the normal range of values. 


inereases 


For tube plates subject to internal pressure 
as in water tube boilers the value of “d” in the 
above formula is taken as the diameter of the 
tube hole. For tube plates subject to external 
pressure as in furnaces the internal diameter 
of the tube is taken. 


fe = Circumferential sitess on EF 
fr. = Longilodinal stress on FG 


Normal stress on AB a eee 
| P-d 
& ere) G .(&-2) Sine 
Shear stress on 48 a he oe o— 2 in 


P-d- 


Fie. 23 


Fig. 24 
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THE CONSTRUCTION OF WOOD YACHTS 
By A, K. BALFOUR 


INTRODUCTORY 


To keep this paper within reasonable limits, 
the subject has been confined to the construc- 
tional members which form the basis of the 
Rules for the Construction and Classification 
of Wood Yachts. It has therefore not been 
possible to cover the subject fully, and although 
the descriptions of the various members and 
the methods of construction employed are 
those generally accepted by the leading 
designers and builders, it should be remembered 
that practice will vary throughout the country. 


The chapters dealing with constructional 
members have been arranged as near as 
possible in order of erection, but here again 
much will depend on local practice. The desig- 
nation of the various constructional members 
are indicated on the key profile and deck plan. 


Of the three types of wood yachts, i.e. full 
power, auxiliary and sailing, it was decided 
that the description of the methods of construc- 
tion should apply to the auxiliary and sailing 
yacht as this type is by far the most popular, 
but, in principle, they are also applicable to 
the full power vessel. 


This is not a paper on Wood Technology, 


nor has any attempt been made to describe the 
cause and effect of decay. Both subjects are 
worthy of a separate paper. A list has, however, 
been included giving the timbers normally 
specified for the various members of the 
construction and also some substitute timbers 
introduced within recent years. 

Like many industries in this country, the 
quality of Yacht Building has not improved 
since the end of hostilities and unfortunately, 
only comparatively few Yards have succeeded 
in recapturing the high standard of Yacht 
Building, once the hall mark of British Yards. 
It is, of course, realised that many of the 
better Yards have been forced to adjust their 
Yacht Building programme in view of their 
heavy commitments with Government contracts, 
and this has resulted in orders being placed 
with firms who are unaccustomed to this type 
of specialised work. 

Perhaps, in time, we shall see a general 
improvement throughout the industry, but 
until the Yachting fraternity realise the value 
of classification, which in turn would greatly 
help to stabilise the industry, there does not 
appear to be any quick solution to the problem. 


DIMENSIONS AND NUMERALS 


The scantlings of the materials used in the 
construction are determined by scantling 
numerals designated ‘‘Transverse. Numeral” 
and “Longitudinal Numeral”, estimated from 
the principal dimensions of the yacht, i.e. Rule 
Length; breadth and depth, the definitions 
of which are clearly given in the Rules. 

The above dimensions also appear on the 
First Entry Report, but there are in addition 
a considerable number of other dimensions to 
be entered (some of which are used for the 
Yacht Register), and as there appears to be no 
readily available information as to where these 
dimensions should be taken, the following may 
help to clarify the matter. 

These dimensions may therefore be sum- 
marised as follows:— 


Rule Length 
Breadth Extreme 
Moulded Depth 
Length Over all 
Registered Breadth 
pe Depth 
Fe, Length 
Waterline Length 
Thames Tonnage Length 
The Rule Length, Breadth Extreme and 
Moulded Depth are those used for determining 


the scantling numerals, and as stated above 
are clearly defined in the Rules. 


The Length Over all is measured from the 
fore side of the stem head to the after side of 
the stern. Projecting stem head fittings, etc., 
should not be included. 


The Waterline Length is measured at the 
designed waterline. 


The Thames Tonnage Length is measured 
from the fore side of the stem at deck to the 
after side of the sternpost projected to the 
top of deck. 


The above definitions are quite straight- 
forward and are applicable to all normal types 
of yachts. 


The Registered dimensions are, however, 
more complicated, and although chiefly the 
responsibility of the Ministry of Transport, 
they have in the past caused some confusion 
(not with the Ministry) and it is as well to get 
the matter clarified. 


The points of measurement of the Registered 
Length varies with the type of yacht and is 
best described in conjunction with the following 
sketches, A, B, C and D. 


A. From fore side of stem head to after side 
of sternpost projected to deck. 


B. From fore side of stem head to after side 
of transome. 


C. From fore side of stem head to fore side 
of rudder stock. 


D. From fore side of stem head to after side 
of sternpost. 


The following sketch of a normal auxiliary 
yacht indicates the points of measurement for 
the five different lengths:— 


The Registered Breadth is the extreme 
breadth to outside of planking, exclusive of 
rubbing strakes and beltings, and is the same 
as the breadth (B) for scantlings. 


The Registered Depth is the distance between 
the top of floors and top of upper deck beams 
amidships, where grown, strap or plate floors 
only are fitted. 


Where only one strap floor is fitted between 
grown or plate floors the depth is taken from 
the top of the grown or plate floors. 


Where two or more strap floors are fitted 
between grown or plate floors, the depth is 
taken from top of the strap floors. 

Of the three Registered Dimensions, only 
the Registered Depth has found its way into 
the Yacht Register. 
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BALLAST KEELS 


Ballast keels are constructed of lead or cast 
iron, depending on the type of yacht and to 
some extent on the cost. If the keel is of cast 
iron the casting is carried out by a foundry 
to a pattern supplied by the yacht builder. 
Most yards are, however, capable of casting a 
lead keel, and a few notes on the process 
employed may be of interest. 


The first step in the casting of a keel is to 
construct a pattern, and in view of the diverse 
shapes now being produced by designers, this 
may in some cases present quite a problem. 
Should the section of the keel be bulbous, 
the pattern must be so constructed that it 
can be removed without damaging the mould. 
This can be done by constructing the pattern 
in three parts, the centre portion of V section 
being removed first, the outer portions being 
drawn towards the centre before being removed 
Fig. 1. 


The pattern, if the size of the keel is not too 
large, is usually constructed of solid wood, 
but in large keels it is often planked up on a 
number of transverse sections. The pattern, 
however, must be substantially constructed 
and smoothly finished on the outside, due allow- 
ance being made for the contraction of the 
lead on cooling. 


The pattern is then placed in a box, and 
moulding sand is rammed tightly all round it, 
but not before the pattern has been black 
leaded to prevent sand sticking to it on its 
removal. The top of the pattern must be placed 
absolutely level, longitudinally and trans- 
versely. The mould must be dry before pouring. 


The lead is melted in a large pot, close to the 
mould, and usually placed high enough to 
allow a gravity feed to the centre of the mould. 
The casting operation must be uninterrupted 
and continued for some time after the mould 
appears to be full, otherwise a hollow will 
develop on the top of the keel due to shrinkage. 
During the pouring of the lead, the scum 
forming on top should be skimmed and the 
molten lead puddled, i.e. stirring with a stick 
of green oak to prevent air bubbles forming. 


Some Builders drill the holes for the keel 
bolts after the keel has been cast, while others 
prefer to core the holes. If the holes are to be 
cored and the bolts pass through the floors, 
their position must be carefully fixed, due 
allowance being made for the contraction 
in the lead or iron in cooling. 


An alternative method to the above, and 
now quite popular in this country, is to fit 
very short keel bolts, extending not more than 
about 6 inches into the lead. These bolts are 


screwed into washer plates and placed in 
position prior to running the lead, Fig. 2. 
The method employed in carrying out this 
arrangement is to suspend the bolts (first well 
black leaded) and washer plates over the keel 
mould, care being taken to ensure that the 
bolts are not held rigidly in position, otherwise 
as the lead cools and shrinks, the shank of the 
bolts will be bent. 


Where the after end of a ballast keel adjoins 
a wood false keel, it should be designed with a 
suitable scarph end or if a vertical end is required 
a tenon should be arranged, Fig. 3. 


Before the finished keel is bolted in position, 
the top must be planed smooth and well 
coated in thick white or red lead or other 
suitable bedding. 

The material used for keel bolts is usually 
of bronze, naval brass or galvanised iron or 
steel, but stainless steel of 18 per cent chromium 


SECTION OF BULBOUS KEEL. 


FIG. | 


and 8 per cent nickel variety and “Everdure”’ 
is also quite common. Where the bolts pass 
through the keel, square tapered heads should 
be fitted to prevent the bolts from turning 
on being hardened up. 


Although not generally accepted as good 
yacht building practice, lead keels have been 
secured by lag bolts, especially in craft built in 
America, and also in a few cases in this country. 
Lag bolts have the same diameter throughout 
their length, are similar to coach screws but 
have conical points and are mainly used in heavy 
timber construction. When used for keel 
bolts the square head is removed and the 
neck of the bolt is threaded to take an ordinary 
nut, Fig. 4. 

Sufficient evidence is not available as to 
their suitability for keel fastenings compared 
with the orthodox methods employed in this 
country. Perhaps for the smaller yachts they 
could be used with reasonable success, 
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CORRECT METHOD OF CASTING LEAD KEELS. 
—————— 
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WOOD KEEL, STEM, STERNPOST 
AND COUNTER TIMBER 


These members form the centreline construc- 
tion, to which the frames and planking will be 
attached at a later stage. Each member must 
be accurately worked from moulds supplied by 
the loft, the centreline being scrieved on the 
top and bottom surfaces before erection. 


Woop KEe. 


Wherever possible to be in one length, but 
should a scarph be required, it must be kept 
well clear of the ends of the ballast keel. 
The keel moulding is parallel throughout its 
length, ‘the siding tapering from the widest 
part (approx. midship) towards the ends. 
On each side of the keel a rebate is cut to receive 
the garboard strakes, and at each end will fair 
into the rebate of the stem and _ sternpost. 
The depth of the rebate should be about 
twice the thickness of the garboard strake. 


A keel scarph, if fitted, should be of the 
hooked type with the outside lip of the scarph 
facing aft. Soft wood stopwaters must be 
fitted, as with the stem and sternpost scarphs. 
Where possible, two stopwaters are fitted in each 
scarph, one at the rebate and the other at the 
bearding line, Fig. 5. 


The position of the frame heels and floors 
must be carefully marked on the wood keel, 
and all floor throat fastenings fitted before 
securing the ballast keel in place. 


In view of the tremendous thrust exerted 
at the heel of a mast in a sailing yacht, special 
care must be exercised to ensure adequate 
stiffening at this part. Most designers will 
see that the mast is stepped well inboard of 
the fore end of the ballast keel, and that an 
adequate mast step is fitted. In some designs, 
however, it is not always possible to achieve 
this, especially in two masted vessels such as 
yawls and ketches, and unless special precau- 
tions are taken, considerable working will 
develop causing severe leaking at the plank 
seams. In such cases, adequate floors, coupled 
with a substantial mast step of wood or steel, 
according to the size of yacht must be fitted, 
the mast step extending well forward and aft 
of the mast heel. 


STEM 


The connection of the keel to stem is usually 
a plain scarph, Fig. 6, but a hooked scarph 
can be introduced to advantage. A _ solid 


stem is constructed of two or three parts, 
depending on the size of yacht and material 
available. Here again a mould is supplied 
by the loft, also section moulds so that the 
rebate may be cut before erection. As with the 
wood keel, the position of the frames and 
floors must also be marked on the stem. If 
possible, a scarph should not be introduced 
in way of the waterline or in the vicinity of a 
forestay fitting. 


The scantlings of the stem are gradually 
increased from the head to the heel as given 
in the Rules, but it is usually found that the 
heel scantlings are greater than the Rule 
requirements, otherwise it would not be possible 
to arrange a scarph of adequate length and 
strength to connect with the fore end of the 
wood keel. 


Present day practice indicates that many 
designers and builders now favour the laminated 
stem. Synthetic resin glues have made this 
possible, and to the Builder’s delight he no 
longer has to search for suitable oak crooks. 
The laminated stem has one great advantage, 
in as much that all scarphs are eliminated 
except for the connection to the keel. 


STERNPOST 


Usually constructed of one or two pieces 
depending on the size of yacht and whether a 
propeller aperture is fitted. The lower end 
of the sternpost is connected to the after end 
of the wood keel and strengthened by the 
fitting of a knee or deadwood, all adequately 
through bolted. The sternpost is tapered to 
suit the lines of the yacht, the after edge 
fairing into the fore end of the rudder. Care 
should be exercised in positioning the rebate 
to ensure there is sufficient material between 
the inner rebate lines to take the fastenings 
of the hood ends of the outside planking 
Fig. 8. 


Before steel or metal rudder stocks were 
introduced to yacht building, it was the practice 
to continue the sternpost to the upper deck, 
so as to form part of the rudder trunk. This 
method complicated the arrangement between 
the counter timber and sternpost, necessitating 
the fitting of horn timbers. Today a short 
metal rudder tube with watertight gland is 
all that is required, making it possible to connect 
the counter timber direct to the sternpost head 
and eliminating the use of horn timbers, 
Fig. 8. 


The counter timber must be securely fastened 
to the sternpost, the type of scarph depending 
on the design of the yacht at this part. Probably 
the most efficient connection is to tenon the 
head of the sternpost to the counter timber and 
efficiently through fasten. This method can 
be adopted with canoe or counter sterns, 
Fig. 7. 


As soon as the centreline members have 
been erected, they should be treated with oil 
or varnished to prevent splitting, as in view of 
their large dimensions it is unlikely they will be 
fully seasoned. 


RuDDER 


The rudder of a sailing or auxiliary yacht is 
usually hung on the sternpost, the fore end of 
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the rudder blade being rounded to fit the hollow 
at the after end of the sternpost, Fig. 7. 
Recently, however, two fairly large yachts 
were fitted with a semi-spade type rudder and 
skeg hung from the counter, which to add to the 
complication was twice the normal length. 
This arrangement is not a desirable feature in 
large yachts, in view of the stresses it produces 
at a part difficult to reinforce. 


Generally, the weight of the rudder is taken 
by the heel pintle and steadying straps are 
only fitted where the distance between the 
upper and lower bearings exceeds six feet. 


The rudder blade and fitting of the rudder 
stock can be constructed in a number of ways, 
a typical example being given in Fig. 8. 
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FRAMING 


This chapter deals with probably one of the 
most important aspects of yacht building, 
for unless the framing is executed to a high 
degree of craftsmanship, the builder will be 
faced with considerable trouble at the planking 
stage. No matter which type of framing is 
adopted, it is essential that as a whole it be 
absolutely fair, otherwise when the planking 
is wrought the inevitable hollows and flats will 
appear on the surface. 


The framing may consist of the following 
systems or combinations, the size of the yacht 
usually governing the type to be adopted. 


Type (1) Bent frames only. 
Type (2) Grown frames only. 
Type (3) Steel frames only. 


Type (4) Grown or steel frames with one 
bent frame between. 


Type (5) Grown or steel frames with two 
bent frames between. 


Type (6) Grown or steel frames with three 

bent frames between. 

Type (7) Longitudinal framing. 

As a general rule Type (1) would be adopted 
in yachts up to about 35 ft. L.W.L. From 
35 ft. to 45 ft. Types (4), (5) or (6) would 
probably be used, and above 45 ft. L.W.L. 
Types (2) or (3). Type (7) has been used 
successfully in yachts up to about 40 ft. L.W.L. 


Unlike the steel ship, it is the practice in 
yacht building to retain the same frame 
spacing throughout, but beyond the 3/5L 
amidships a reduction in the frame scantlings 
is permissible. 


Except for Type (7) the foregoing systems 
are those contemplated by the Society’s 
Yacht Rules and used extensively by British 
and American designers in the construction 
of racing and cruising yachts. Type (7) is 
seldom used in this country except in the 
building of high speed full power yachts, but 
it is worthy of mention that a special type of 
longitudinal framing has been used successfully 
in sailing yachts for many years in New Zealand. 


Bent FraMES 


In this type of framing it is the general 
practice to retain the same siding and moulding 
throughout the length of the frame and to 
fit them in one length from keel to gunwale. 
The frame heels are let into and screw fastened 
to the wood keel, but in small full power 


gl 


yachts, depending on their form, they may be 
run over the top of the wood keel or hog and 
in such cases are continuous from gunwale to 
gunwale. 


Before bending, the timbers are placed inside 
a steam box, the period of insertion depending 
on the sectional area and quality of the 
material. As a rough guide, one hour’s steaming 
should be allowed for each inch of thickness, 
plus one hour. Therefore, a frame having a 
moulding of 14 in. would require 24 hours 
steaming. It is, however, the practice to insert 
a few sample pieces of framing with the batch 
for steaming, and to withdraw them at intervals 
to test their pliability. 


The steam box is usually constructed of 
wood, being about 20 to 30 ft. in length and 
about 2 ft. square. Steam is injected at one 
end, the opposite end being fitted with a 
hinged door. A high pressure inside the box 
is undesirable as it would make the frames too 
hot to handle, and although the steaming time 
would be greatly reduced, the timbers would be 
so saturated that it would be some considerable 
time before they would dry out after assembly. 
Probably a pressure of about 5lbs. per sq. in. 
would be satisfactory, but a pressure is seldom 
used in practice. 


In the average yacht yard the steam box 
is often a rather neglected piece of apparatus, 
and if constructed of timber is particularly 
susceptible to attack by fungal decay. The 
popular conception that in the process of steam- 
ing the spores will be killed, is not correct. 
To achieve this with any degree of certainty 
a temperature of 160° F. would have to be 
retained for at least 2 hours. It will therefore 
be seen that there is a very great danger to 
timber coming in contact or lying in the vicinity 
of an affected steam box. The ideal solution is 
one constructed of steel and suitably lagged on 
the outside. 


In the Rules for Wood Yachts, it will be 
observed that the maximum scantlings for 
bent frames is given at 2} in. sided by 1} in. 
moulded. Frames of greater moulding cannot 
readily be bent even in a yacht of normal form. 
In the modern light displacement yacht having 
a quick reverse turn at the bilge, difficulty is 
often experienced in bending frames of quite 
small sectional area. To overcome this difficulty 
it is common practice to make a saw cut up 
the frame parallel to the faying surface, so that 
the sectional area is virtually reduced by half. 
This method has the disadvantage that it is 


quite impossible to protect the timber by 
painting or otherwise between the two surfaces 
in way of the saw cut. There is also a tendency 
for the frame to split at the termination of 
the saw cut unless it is carried beyond the 
radius of bending, Fig. 9. Where difficulty is 
therefore experienced in bending, the most 
satisfactory solution is a frame of glued 
laminated construction. 


Material suitable for bent frame construction 
requires very careful selection. It should be of 
straight, close grain, free from knots, tough and 
pliable. Canadian Rock Elm is probably the 
most suitable, although English Oak is a good 
second choice. Ash and Hickory have also 
been used but are not so resistant to decay. 


With steam bent framing, section moulds 
must first be set up on the centreline con- 
struction, and ribbanded off, so that the 
frames can be bent in place after steaming, 
and temporarily secured to the ribbands. 
The moulds should not be removed until after 
’ completion of the outside planking. When a 
yacht has a tumble home, the timbers should 
be extended about 12 in. above the gunwale 
so that the heads can be pulled slightly inboard 
to eliminate the. possibility of any flat surfaces 
appearing in the topsides, the extensions 
being removed on completion of the planking. 


Unless required for some special purpose, 
bent frames are not bevelled, the frames when 
being bent over the ribbands are twisted so 
that their outer face will fay closely to the 
line of the outside planking throughout their 
entire length. 


GROWN FRAMES 


This description is given to frames cut to 
shape from the solid wood. They can be fitted 
double or single, the double construction being 
usually confined to the larger yachts. 


The frames are first laid down full size on 
the loft floor from which templates are made. 
The templates are used in the selection of 
suitable pieces of timber from which the 
frames are built up, care being taken to select 
pieces which have the required curvature of 
grain. Unlike the bent frame, the grown frame 
is bevelled to suit the form of the yacht, the 
loft supplying the necessary bevel board. 


The grown frames are shaped and bevelled 
before erection, and this procedure eliminates 
the use of section moulds as in bent frame 
construction. Ribbands are, however, required 
for fairing purposes and are usually fitted about 
two feet apart. 
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In cases where bent frames are fitted between 
the grown frames there is a variance in practice 
of how and when the bent frames should be 
fitted. Some builders prefer to fit the bent 
frames immediately the ribbands are in place, 
by using them for temporarily securing the 
frames. In other cases, the bent frames are 
fitted on completion of the outside planking. 
This latter method should not be employed 
where more than two bent timbers are fitted 
between the grown frames as the planking 
will not receive the necessary support. 


In yacht construction it is the practice 
with grown frames to keep the siding of the 
frame parallel from heel to head. The moulding 
of the frame, however, is gradually tapered from 
the heel. The frame heels are fitted to the 
wood keel in a similar manner as in bent 
frames, i.e. let into and screw fastened, the 
screw fastening simply being an aid to erecting 
the frames and is not considered of any value 
as a strength connection between the frame and 
wood keel. 


As it is not possible to obtain timber with 
sufficient curvature in the grain to enable 
the frames to be made in one length, a number 
of butts or scarphs must be introduced. Their 
position must be carefully considered in relation 
to the butts in adjacent frames, and considerable 
skill is required in arranging a suitable shift 
and at the same time adopt an economical 
use of the available material. 


Where single frames are butted, side clamps 
must be fitted, having the same sectional area 
and of the same material as the frame and not 
less in length than 12 times the siding, care 
being taken to ensure that the outer face of the 
clamp fays against the outside planking, Fig. 10. 
The clamp as well as being adequately fastened 
to the frame by at least three through fastenings 
each side of the butt, should also be fastened to 
the outside planking. It will therefore be seen 
that in cases where single frames are made up 
of three or more pieces, the additional weight 
of the side clamps will be considerable and 
rather unsightly, and it is probably for that 
reason the scarphed frame is now becoming 
more popular, Fig. 11. 


Where double frames are fitted they are 
constructed of about six separate pieces of 
timber, known as short and long keel, Ist, 
2nd, 3rd and 4th futtocks. These pieces are 
bolted together to form the complete frame and 


_ are erected and fastened to the wood keel as 


with single frames. 


In yachts fitted with a bulwark the grown 
frames are continued above the covering 
board to form the bulwark stanchions. With 
double frames, only the uppermost futtock is 
used for this purpose. 


LAMINATED FRAMES 


The difficulty in procuring suitable timber 
for grown and bent frames has encouraged 
builders to adopt the laminated frame, and 
provided the correct type of synthetic resin 
glue is used, the results in most cases have 
proved entirely satisfactory. Unfortunately, 
however, it is not generally appreciated that 
special care must be exercised in handling the 
synthetic resin glues and negligence in this 
respect may prove disastrous. It is essential 
the operator be trained in the handling of 
these glues and he must appreciate the necessity 
of adhering strictly to the manufacturers’ 
instructions. 


In view of the extensive use being made of 
all types of laminated construction, the 
synthetic resin glues and their use in yacht 
building is described in a later chapter. 
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Laminated frames are usually built up by 
one of two methods. In cases where the system 
of framing is laminated frames in lieu of bent 
frames, each laminae is bent (steaming if 
required) round the ribbands as with normal bent 
frames construction. After the laminaes are set, 
each frame is dismantled for the glueing 
process. In this method it is usual to keep the 
number of laminaes to a minimum, as the 
builder does not have the same measure of 
control as is possible by the second method, 
i.e. by using a jig for each frame. 

When laminated frames are used in lieu of 
grown frames, the usual practice is to construct 
a jig for each frame. The laminaes which 
may be only about } in. thick are in many 
cases bent and glued in the one operation. 
The bevelling of the frames is carried out on 
removal of the jig, and the frame must be 
built up of a sufficient number of laminaes to 
allow for this operation. Laminating frames by 
this method lends itself particularly to cases 
where a number of yachts are being constructed 
to the same design. 

In all types of framing some increases to the 
scantlings of the frames are necessary in way of 
the masts. 


SAV CUT CARRIED BEYOND 


R&DIVS OF BENDING 


SIDE CLAMP. 


FIG. 10 


OUTSIDE PLANKING 


In this chapter only the planking methods 
acceptable for classification purposes will be 
dealt with, i.e. single skin carvel, strip planking 
and double skin construction. 


SmncLE Skin Carve. 


This method is beyond doubt the most 
universally used by the yacht building industry, 
but even so, there remains considerable variance 
of opinion as to the best procedure to be 
adopted in the actual planking operation. 


The setting up of uneven stresses during 
planking must be avoided, and the only way 
to achieve this is to carefully line off the 
strakes before any attempt is made to plank 
the hull. 


The greastest girth of the yacht being 
approximately at amidships, it follows that 
the greatest breadth of the planks will also 
be at this part, each plank tapering towards 
the ends of the yacht as the girths gradually 
reduce. Where the rake of the wood keel is 
considerable, the ends of the lower strakes of 
planking will finish on the keel rabbet unless 


GivED_SCARPH 
NoT LESS THAN 


SCARPHED FRAME, 
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certain precautions are taken to avoid this 
undesirable feature. The garboard and one or 
two adjacent strakes should be fitted of increased 
breadth at their after end and tapered as they 
run forward. This achieves the object of making 
the girths on the fore and after body of the 
yacht approximately equal at their respective 
sections, thereby enabling normal planking 
to be carried out, Fig. 12. 


The planking should be commenced by 
fitting the garboard and one or two adjacent 
strakes, followed by the sheerstrake and, 
if desired, the next two adjacent strakes. 
Next in order should come the bilge strakes 
which should be limited to three strakes. 
This leaves about three-fifths of the topsides 
and bottom planking to be completed, and it 
is a matter of choice in which order this should 
be done, but it is essential, as with the garboard, 
bilge and sheerstrakes, that the port and 
starboard planks are worked alternately. 


In a normal yacht the greater part of the 
planking can be prepared of a uniform thickness, 
adding about 4 in. for final planing off on 
completion of the planking. Where, however, 


there is a quick turn, at the bilge or a sharp 
reverse turn at the tuck, it will be necessary to 
prepare the planking of increased thickness 
at these parts so that the outer surface of the 
planking can be rounded or hollowed as required 
to ensure close faying against the frames 
without reducing the thickness of planking, 
Fig. 13. ; 


In carvel construction the planking can be 

either close seamed (tub jointed) or mouthed 
for caulking, and if required as a refinement, 
the caulked seam may be splined. The first 
method requires accurate spiling and bevelling 
of the seams, and if they are not to be glued, 
the edges should be first slightly crushed by a 
special tool which gives a very small tongue 
and groove effect. The tongue and groove 
should be made close to the outboard edge of 
the seam, so that on completion of the planking 
the outer surface can be washed over with hot 
water which swells the crushed fibres and 
closes the seam absolutely tight, Fig. 14. 
’ An alternative method, and much simpler, 
is to run a small bead on one edge of each 
plank, which on clamping the planking is 
crushed into the edge of the adjacent plank, 
Fig. 15. 

Close seam construction is usually confined 


to the smaller yacht where the planking does 
not exceed 1} in. thick. 


Where the seams are caulked, it is a matter 
of choice whether cotton or oakum is used. 
Cotton is more popular, probably because it is 
delivered to the yard ready for use, but it is 
not likely to have the same length of life as 
oakum. 


Caulking requires considerable skill, especially 
in light planking as a heavy blow could easily 
drive it through the seam. If cotton is used, 
the seam should first be painted immediately 
prior to caulking, as the wet paint will bind the 
cotton. Should the seam develop a_ leak, 
the paint will prevent the cotton acting like 
a lamp wick making the detection of the leak 
extremely difficult. In caulking, the cotton or 
oakum should make an impression of the sides 
of the seam in the form of a continuous groove, 
which as the wood swells, grips the caulking. 
If the caulking has not made this impression, 
the swelling wood on closing the wedge shaped 
seam is liable to spew out the caulking and 
stopping. 

Where the seams are to be splined, the 
seam is first caulked and splines or battens 
of the same material as the planking are pre- 
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pared and bevelled to fit the mouthing of the 
seams. This spline is then driven in and glued 
to the seams, lightly pressing against the 
caulking. The splines are left about } in. 
proud until the glue has set, thereafter being 
planed flush with the planking. Unfortunately 
with splined seams, the seams cannot be painted 
but in fitting the splines sufficient glue will be 
forced into the seam caulking which will give 
the desired effect. Oakum should not be used 
where glued splines are fitted. 


The spacing of the butts should always 
comply with the Rule requirements, but 
unfortunately there is no information regarding 
the types of butts permissible. The most popular 
type is the common butt strap, which may be 
constructed of either wood, metal or steel. 
The length of a wood or metal butt strap 
should be approximately ten times the thickness 
of the outside planking, the breadth being 
sufficient to overlap the adjacent planks about 
4 in., and the thickness in the case of wood butt 
straps should be the same as the planking, 
Fig. 16. The thickness of metal or steel butt 
straps will vary according to the thickness 
of the planking; } in. for ? in. planking to in. 
with 2 in. planking. 

The position of the butt straps should be 
arranged midway between the frames, a space 
not less than 2 in. being left between the frames 
and strap for drainage. The number of fastenings 
will depend on the thickness and breadth of 
the planking but they should in all cases be 
through fastenings. 


As an alternative to butt straps, the planking 
can be scarphed. The length of the scarph 
should not be less than 6 times the thickness 
of the planking, and should also be glued. 
One end of the scarph should be fitted over and 
through fastened to a frame, Fig. 17. 


Srrie PLANKING 


This method is seldom used in this country, 
but is popular with American Builders. It is 
perhaps only the conservative outlook of the 
British Builder that it is not more popular 
here, for there is much to be said for it, and 
it is economical as far as materials are concerned. 


In strip planking, very few of the planks 
require to be tapered, and as the name suggests 
the planks are prepared in lengths having a 
narrow uniform breadth. The top and bottom 
edges are rounded and hollowed respectively 
so that when fitted they give a tongue and 
grooved effect, Fig. 18. The breadths of the 


planks vary according to practice but are 
usually about one and one half times their 
thickness. The planking is commenced after 
the garboard strakes are fitted, and worked 
towards the deck. Although not absolutely 
necessary, it is highly recommended that the 
seams should be glued, and in view of the 
tongue and groove effect, there are no special 
requirements as regards the type and spacing 
of butts, except that they should be efficiently 
scarphed. 


Strip planking is much stronger than normal 
carvel construction but is rather more difficult 
to repair. 


The planking is fastened to the frames in 
the normal way, but between the frames each 
plank is edge fastened to the one below, the 
number of edge fastenings being regulated by the 
frame spacing. Each plank should be edge 
fastened before the frame fastenings are fitted, 
and if bent frames are used it is possible to 
complete the planking before the frames are 
fitted. 


DovusBLe SKIN PLANKING 


This method of planking can be fitted in a 
number of different ways, the form and type 
of the yacht greatly influencing the choice. 
For example, where maximum strength is 
required, double diagonal would be employed, 
Fig. 19, but for normal purposes the planking 
could be fitted with the inner skin laid diagonally 
and the outer fore and aft, Fig. 20, or alter- 
natively both skins could be laid fore and aft, 
i.e. the seams of the inner skin being at about 
the centre of the strake in the outer layer, 
Fig. 21. 


Careful consideration must be given to the 
method of attaching the plank ends to the 
gunwale. Should both skins be continued to 
the underside of deck, and the normal type 
ot beam shelf fitted, it will not be possible to 
secure the covering board to ensure adequate 
watertightness. The correct method of gunwale 
construction for each type of double skin 
planking is given in Fig. 22. 

It cannot be stressed too much that it is 
essential to obtain complete watertightness 
between the skins, otherwise the life of the 
planking is likely to be greatly reduced. To 
obtain this, much will depend on a correct 
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distribution of the fastenings and the type of 
bedding or adhesive used between the skins. 
Modern glues here again play their part, for 
not only do they add to the strength but also 
seal the plank seams. The old method of fitting 
oiled calico bedded in white lead is now seldom 
used. 


On fitting the inner diagonal skin it is the 
usual practice first to fit every alternate 
strake of parallel width so that only the closers 
require shaping. This is carried out by placing 
the closers so that they overlap the edges of 
the adjacent strakes, thereby enabling the 
actual shape to be marked on the plank. 
The inner skin is attached to the frames with 
just a sufficient number of tacks to keep it in 
place, the final fastening being carried out as 
the outer skin is fitted. 


The outer planking is now proceeded with, 
and as each plank is fitted the seams of the 
inner skin are drawn on the surface of the 
outer skin so that the position of the fastenings 
can be accurately placed. 

The outer planking can be fitted either 
close seamed or caulked, but caulking is 
seldom adopted where the outer skin is under 
din. thick. 


Generally, double skin planking is adopted 
where the framing consists of a system of 
bent frames only, the closer frame spacing 
giving the necessary support to the planking. 


The method of fastening generally adopted 
consists of through fastening both skins to 
the frames and screw fastening (from the inside) 
the inner skin to the outer skin between the 
frames. The screw fastenings are, however, 
in some cases replaced by through clench 
fastenings, but unless skilfully carried out, 
the clenching is inclined to split the thin inner 
skin, especially where they are fitted close 
to the edges of the planks. 


Apart from the difficulty of repairing double 
skin planking, the high cost of construction 
has more or less confined its use to the racing 
yacht, where strength combined with lightness 
is the first consideration. The high labour 
costs can be easily appreciated when it is 
considered that the total number of hull 
fastenings are in many cases four to six times 
the total employed in single skin construction. 
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FLOORS 


It is not so many years ago that designers and 
builders considered the Society’s requirements 
regarding floors to be unnecessarily severe, 
but the modern trend towards lighter scantlings, 
and the knowledge gained through ocean 
racing has changed their views. Experience 
has shown that any yacht likely to encounter 
severe weather conditions must be adequately 
floored, especially in way of the mast heel and 
fore foot. 


Floors may be fitted in a number of different 
ways, depending on the type adopted, but it 
should always be remembered that their primary 
purpose is to connect the frame heels to the 
wood keel. As a general rule, sufficient care is 
not exercised to ensure a good fit, and with 
many builders it would appear to be a case of 
out of sight, out of mind. 


Where steel frames are fitted, the connection 
to the keel is formed by steel plate floors, 
flanged or with angle connections top and 
bottom, and riveted or bolted to the frame. 
The breadth of the bottom angle or flange will 
depend on whether it has been designed to 
take the keel bolts, Fig. 23. 


Grown frames may be fitted with either 
wood floors, plate floors, strap floors or angle 
floors and bent frames with either wood 
floors, strap floors or angle floors. 


There is much to be said for the fitting of 
wood floors, provided suitable material can be 
obtained, for with this arrangement the ever 
perplexing problem of the use of dissimilar 
metals can be overcome. (See chapter on 
fastenings.) 


The difficulty in obtaining suitable oak 
crooks has been largely overcome by fabricating 
laminated wood floors, especially in the smaller 
yachts, Fig. 24. 


Wood floors retain the same siding for the 
breadth of the keel and should be fastened by at 
least two through bolts according to the breadth 
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of the keel. Clear of the wood keel the arms 
may be tapered towards their ends, where the 
sectional area should not be less than half 
the product of the siding and moulding of the 
floors at the centreline. The arms of the 
floors should have at least four through fasten- 
ings, Fig. 25. 


The scantlings of plate floors on grown frames 
are similar to those required for steel frames 
and should be through fastened to the frames 
by at least four through bolts. As with all 
types of floors, the bottom angle or flange 
should have at least two through bolts. 


Strap and angle floors may be fitted in lieu 
of the above types, except for steel frames. 
The strap floor arms are always fitted on top 
of and through fastened to the framing and 
outside planking, Fig. 26, but angle floors may 
be fitted at the sides of grown frames the 
arms being through fastened to the outside 
planking and also the frames. This latter 
arrangement is not recommended in view of 
the difficulty experienced by builders in 
bevelling the floor arms to fay closely against 
the planking and frames. To overcome this, 
the angle floor is fitted reversed, and connected 
to a lug through which the throat fastenings 
are fitted, Fig. 27. 


As a general rule, floors are fitted on every 
frame within the 3/5 L, but beyond the 3/5 L 
a reduction can be made in the number or 
size of floor, depending on the system of 
framing adopted and the type of floor fitted. 


Where a strap floor is fastened with bolts at 
either the throat or arms, plain holes are drilled 
to take the fastenings, but if it is desired to 
use copper clench bolts, the holes should be 
slightly countersunk. Under no circumstances 
should ordinary copper boat nails be used for 
fastenings, i.e. nails of square section. 


The Rule Floor Arm Length is measured 
from the top of the wood keel along the frame 
as indicated in Fig. 26. 
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BEAM SHELF, CLAMP AND 
BILGE STRINGER 


Where the system of framing consists of 
bent frames, the beam shelf and_ stringers 
are placed in position by temporarily attaching 
them to the section moulds before the framing 
is commenced. Where grown frames are fitted, 
the beam shelf and stringers are usually 
fitted after the frames are erected. 


Bilge stringers should, if possible, be so 
placed that they will not interfere with the 
joiner work, especially in the smaller yachts. 
Too often a stringer will be fitted directly 
in line with a settee, making it necessary to 
either reduce its breadth or the breadth of the 
cabin sole, whereas by exercising a little care, 
this undesirable feature could be avoided. 


In fitting bilge stringers the greatest dimension 
should be fitted against the frames, and if a 
scarph is necessary, the flat of the scarph 
should be cut parallel to the frames, Fig. 28. 


The scarph of the port and_ starboard 
stringers should be well staggered. 


The bilge stringers should be of parallel 
breadth for the 3/5 L, thereafter being tapered 
towards the ends of the yacht, where their 
sectional area may be reduced by 25 per cent. 
The stringer ends are attached to the centreline 
construction by a wood or steel breasthook. 
The fastening of the stringers does not present 
any problem, where the breadth is under 
5 in., double and single through fastenings to 
the outside planking, and over 5 in. double 
fastenings throughout. 


Where the system of framing consists of 
grown or steel frames with bent frames between, 
the vacancies between the bent frames and the 
stringer must be fitted with chocks to support 
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the frames and to enable the through fastenings 
to be fitted. As an alternative to the fitting of 
a bilge stringer and where bent frames only are 
fitted, many designers prefer to fit two or more 
side stringers of reduced sectional area. In 
such cases, the stringers should be of square 
section. Where two stringers are fitted the 
sectional area of each stringer should be not 
less than 75 per cent of the Rule sectional area 
for bilge stringers, and where more than two 
are fitted the reduction will depend on the 
number. 


It is normal practice where the side stringers 
are closely spaced, i.e. about 12 to 15 in. apart, 
to dispense with the section mould fairing 
battens, the side stringer serving a dual purpose. 


The fitting of the beam shelf must be accur- 
ately carried out to the sheer line of the yacht, 
and may be fitted to the underside of the deck 
or a little below for ventilation purposes. 


The scarphing and tapering of the beam 
shelf are similar to the requirements for 
bilge stringers, except for the cutting of the 
scarph which should be as indicated in Fig. 28. 


In way of the mast, a clamp is fitted to 
the inboard side of the shelf, its upper surface 
faying against the under side of the beams, 
and through fastened to shelf and beams. 
The sectional area of the clamp should be 
not less than 75 per cent of the beam shelf 
sectional area, and may be tapered towards 
its ends where the sectional area may be 
reduced by half. The length of the clamp will 
depend on the beam of the yacht; a yacht of 
narrow beam requiring a longer clamp than 
a yacht of similar length having a broader 
beam, but as a general rule, in yachts of normal 
proportions, i.e. five beams to length, the 
length of the clamp is equal to the beam. 
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DECK BEAMS 


There are three types of beams fitted in 
wood yachts; strong beams, ordinary beams 
and half beams. The strong beams are, as the 
name suggests, beams of heavy scantlings 
which are fitted in way of masts, at ends of 
deck openings where more than two ordinary 
beams are cut, and at such other parts where 
extra strength is required. The ordinary 
beams are fitted within the 3/5 L and can be 
reduced in size beyond the 3/5 L. The half 
beams are fitted at the side decks in way of 
cockpits and coachroofs, and are of similar 
size to the ordinary beams beyond the 3/5 L. 
The beams may be constructed from solid or 
laminated wood. 


Full headroom cannot be obtained under the 
upper deck beams in a yacht of normal pro- 
portions, unless a coachroof is constructed, 
or alternatively the yacht is about 45 ft. 
L.W.L. and upwards. A few years before the 
war it was customary to terminate the forward 
end of the coachroof just abaft the mast, 
but now it is normal practice to extend the 
coachroof well forward of the mast, and in 
many cases even beyond the 3/5 L. According 
to the Rule requirements this latter practice 
entirely eliminates the fitting of ordinary beams, 
and apart from the additional stiffening required 
where the mast passes through the coachroof 
top, the beaming of a yacht of this type only 
consists of strong beams at the coachroof 
ends, ordinary beams of reduced scantlings 
forward and aft of the coachroof and _ half 
beams at the coachroof sides. It would there- 
fore appear that yachts of this type are some- 
what inadequately beamed. 


The spacing of the beams is regulated by 
the beam of the yacht, and they need not be 
fitted in line with a frame unless where a 
hanging knee is required. The beam ends 
should be dovetailed to the beam shelf and 
carline, the dovetail being adequately secured 
by a wood screw into the shelf. The dovetail 
must not be cut to the full depth or moulding 
of the beam, otherwise the sectional area of 
the shelf or carline will be greatly reduced, 
but it is essential that the full depth of the 
beam is supported, and this is indicated in 
Fig. 29. The sectional area of the shelf or 
carline removed for dovetailing, should be 
limited to not more than 10 per cent. 


Hanging knees are fitted to all strong beams, 
and at other beams as necessary, there being 
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a minimum of 3 hanging knees each side, for a 
beam of 6 ft., thereafter increasing in number 
to a minimum of 8 for a beam of 16 ft. 


Hanging knees may be of steel straps, 
Fig. 30, flanged plates or angle steel, and grown 
or laminated oak in the case of the smaller 
yachts. The length of the arms is regulated by 
the size of the yacht, but beyond the 3/5 L 
they need not exceed one third of the girth at 
their location. The arms are fastened to the 
outside planking and beams by at least four 
through fastenings. 


Lodging knees of either wood or steel are 
fitted between the beams where racking 
stresses are likely to occur, i.e. in way of masts, 
ends of cockpits and coachroofs and at all 
deck openings where more than two through 
beams are cut, Fig. 31. Where plywood 
decks are fitted, lodging knees may be dispensed 
with, the homogeneous surface of the plywood 
preventing any racking taking place. 


In the size of yacht popular today, it is 
not customary to fit pillaring as this would 
seriously interfere with the accommodation. 
Where, however, mast halliards are secured 
to the deck or coachroof top, a pillar or tie rod 
must be fitted to prevent the deck from lifting, 
and they should be secured at their lower end 
to a member of the centreline construction. In 
the smaller yachts up to about 35 ft. L.W.L. 
a stay from the deck beam to mast is all that 
is required. 

The carlines are the fore and aft members 
of the deck construction and are fitted to support 
the coachroof, skylight and hatch coamings. 
Generally, they are constructed of solid wood, 
but occasionally are of built up section. The 
coachroof carlines are usually fitted in a curve 
blending with the curve of the covering board, 
and in addition to securing them to the inboard 
ends of the half beams, a number of tie rods 
should be fitted about 4 or 5 ft. apart. The tie 
rods should be placed close to a beam and 
through fastened to the outside planking, a 
packing piece being fitted between the planking 
and beam shelf through which they should pass. 


Where deck fittings such as sheet winches, 
windlass, deck pumps, runner leaves, cleats, 
etc., are placed, it will be necessary to strengthen 
the deck by the fitting of a chock between 
the beams. Where there is sufficient material 
in the sectional area of the beam, the chocks 
may be dovetailed to same, Fig. 32, but in the 
smaller beams the chocks should be checked 
and through bolted to the beams, Fig. 33. All 
chocks must be fitted before the deck is laid. 


Where the masts pass through the deck, 
strengthening, additional to the strong beams 
must be fitted in the form of mast partners. 
The partners are the fore and aft members 
between the beams, forming a square through 
which the mast will pass. Between the beams 
and partners a chock is fitted and through 


fastened to the partners, a hole being cut in the _ 


chock of sufficient size to allow for mast and 
mast wedges to be fitted. 


In cases where the mast passes through the 
coachroof top, it is essential, in addition to the 
fitting of mast partners, to adequately strengthen 
the coachroof coamings and half decks. This 


can best be done by fitting steel angle stiffeners 
forward and aft of the mast, and continuous 
from gunwale to gunwale, particular attention 
being given to adequate stiffening in the 
vicinity of the angle formed by the deck and 
coachroof coaming. 


One of the most common errors in yacht 
building is to lose the camber of the deck in 
the vicinity of the half beams. This is easily 
detected once the deck is laid, but too late for it 
to be remedied. Adequate shoring of the 
half beams and carlines until the coachroof 
coaming is fitted and deck laid, would easily 
have prevented this permanent unsightliness. 


DOVETAILING OF BEAM ENDS “lo BEAM SHELF. 


BEAM SHELF 


PLAN VIEW. 
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UNOER DECK CHOCK . Fic. 32. UNDER DECK CHOCK. FIG, 33. 
JNOER DECK CHOCK . FIG.32. UNDER DECK CHOCK. FIG 33. 


DECK PLANKING 


Decks have been a continual source of worry 
to yachtsmen ever since they first ventured on 
the sea. The discomfort of a leaky deck has 
to be experienced to be believed and it is a 
peculiar thing that it always develops directly 
over one’s berth. 


There are a number of ways in which a 
deck can be laid, but only the methods as 
contemplated by the Rules will be dealt with. 


The caulked laid deck is now seldom used 
where the thickness of the planking is less 
than 1} in. Above this thickness the deck can 
be adequately caulked. 


To obtain the best appearance, the planks 
are laid to the curve of the covering board, 
each plank being tapered towards the ends 
so that as the planks approach the centre- 
line the curve is gradually reduced until the 
most inboard planks are almost in a straight 
line. As this method is expensive and requires 
to be most carefully executed, it is only adopted 
in the highest class yacht building. 


Alternatively, and also giving a most 
pleasing effect, is to lay the planking in narrow 
parallel widths running parallel to the curve 
of the covering board. 


The laying of the planking should always 
commence from the covering board inboard, 
and where king planks are fitted care must 
be exercised to ensure that the port and star- 
board plank ends terminate exactly opposite 
each other. 


In each of the above methods the decks can 
be secretly fastened, Fig. 34, or screw fastened 
through the planking to the beams, Fig. 35. 


The seams of the deck planking must be 
bevelled to receive the caulking in the usual 
way, the depth of the bevel being about two- 
thirds the thickness of the planking. Where 
secret fastening is employed, the dowels between 
the beams must be fitted clear of the caulking 
seam. The width of the caulking seam varies 
from about } in. for a deck 1} in. thick to about 
# in. where the planks are 2 in. thick. 


A caulked deck should always be planed 
smooth before the actual caulking and paying 
is done. 


The shift of butts should be similar. to that 
required for the outside planking, but where 
good appearance is desired, the butts are 
arranged in line athwartship with about four 
strakes of planking between. 
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To avoid fitting butt straps, the butts are 
so arranged that they land on a beam and 
should always be of the lip or scarph type 
unless the siding of the beam is sufficient to 
allow a square butt being used, i.e. when 
narrow planks are fitted, the siding of the 
beam should be twice the plank breadth. 
The reason for this stipulation is to prevent 
the butt fastenings being fitted too close to 
the end wood, Fig. 36. 


The covering boards or margins are much 
broader than the planking and for appearance 
should be tapered towards the ends. Where a 
bulwark is fitted to the covering board, caulked 
butts in the covering board should be avoided, 
otherwise should a leak develop it will be impos- 
sible to caulk without first removing the bulwark. 
A scarph butt well executed maintains the 
continuity of strength desirable in all covering 
boards. 


There are now on the market a number of 
compounds specially prepared for paying the 
deck seams, some good and some not so good, 
but generally pitch is still preferred. In 
preparing pitch it should never be allowed to 
boil, and a tip handed down from old William 
Fife to prevent bubbles forming in the seam, 
is to add an egg-cupful of paraffin to every 
gallon of pitch. 


One last word on caulked decks. The timber 
must always be quarter sawn, Fig. 37, and if 
the deck is screw fastened and dowelled, the 
depth of the dowels should be at least equal to 
their diameter with the grain running parallel 
to the grain of the planking. Always paint the 
underside of the planking before laying, other- 
wise in way of the beams the planking is 
unprotected. 


Canvas CovERED Decks 


Although it is possible to caulk and make 
tight a deck under 1} in. thick, experience has 
shown that as a rule it is safer to adopt a 
canvas covered deck. 


The canvas covered deck is never caulked, 
the watertightness depending entirely on the 
canvas and how it is laid. 


The seams of the deck being exposed only 
on the under side the planks are laid parallel 
to the centre line and are rather wider than 
would be expected in a caulked deck, probably 
about 4 in. in a ten tonner. Although not 
absolutely necessary, it is the usual practice 
to use tongued and grooved planking, which adds 
considerably to the stiffness of the deck, but 


care must be exercised in laying the planking 
to avoid capping which would considerably 
reduce the life of the canvas, Fig. 38. 


The plank fastenings can be either nails or 
wood screws and in each case the heads should 
be well sunk and puttied. 


It is a matter of choice whether the canvas 
will finish at the inboard edge of the covering 
board or continue out to the yacht sides, 
but if the first method is used the covering 
boards should be tapered towards the ends as 
for a caulked deck. 


In the preparation of the canvas a little 
careful planning will be necessary to avoid 
considerable waste and to reduce the number 
of seams to a minimum. In yachts fitted with 
a coachroof, and laying the canvas fore and 
aft, it should be possible in most cases to complete 
the half decks without a single seam. It is, 
however, essential no matter whether the canvas 
breadths are laid athwartship or fore and aft, 
that every seam is first sewn, Fig. 39. Except 
the edges or seams which can be protected 
by a moulding or listing which may be tacked. 
For cruising yachts the canvas should not be 
less than 10 ounces and may be as low as 
6 ounces in racing yachts. 


In recent years it has been the practice to 
glue or cement with a specially prepared 
adhesive the canvas to the deck. This method 
has given good results, but what is going to 
happen when the time arrives to renew the 
canvas can only be left to the imagination. 
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The unfortunate owner may find it cheaper 
to renew the deck than bear the labour cost 
of removing the canvas. 


The old fashioned method may still be 
hard to beat and it has given many years of 
entire satisfaction. The wood deck should 
first receive a priming and undercoat of paint, 
then as the canvas is being worked (usually 
from the centreline) pulled and_ stretched, 
the deck is given a good thick coat of smudge. 
The canvas is laid on this smudge while it is 
still wet, all air bubbles being ironed out, 
and is then given a very thin coat of flat paint 
which soaks through the canvas and binds it 
to the smudge. No further paint is applied 
until the deck is thoroughly dry. 

In view of the canvas taking all the wear, 
the Rules permit a reduction in the thickness 
of the planking of 4 in. 

Figs. 40, 41 and 42 indicate the gunwale 
construction which could be adopted with three 
unusual types of decks. The difficulty in Figs. 40 
and 41 was to efficiently connect the deck with 
the covering board without fitting intercostal 
chocks between the beams. A rabbet has 
therefore been cut in the covering board to 
receive the deck, but as this has necessitated 
a reduction in the moulding of the beam, 
compensation has been made by fitting a 
clamp under the beams. Fig. 42 indicates a 
deck having glued seams in lieu of caulking. 
The rabbet run on one edge of each plank and 
which will be filled with seam compound is 
for appearance only. 
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TEAK DECK WITH GLUED SEAMS. 


FASTENINGS 


There is nothing that will shorten the life 
of a wood yacht more quickly than inadequate 
fastening. To over fasten does not necessarily 
mean that the strength of the structure will 
be increased, for it is by so doing that the 
strength of a member may be seriously weakened. 
To under fasten lies the great danger, for it 
will not be long before the whole structure 
begins to work, causing nail sickness, distortion 
of form and other accumulative troubles. 


The yacht builder must therefore pay 
particular attention to this item, especially 
with regard to the disposition and size of the 
fastenings; and the boring of the timber to 
receive the fastenings must be carefully 
executed, according to the density of the timber 
and the type and material of the fastenings. 


In driving a galvanised iron bolt through, 
say, an oak member of fairly large scantlings, 
such as the keel or sternpost, a hole should 
first be bored about 4 to 4 in. less than the 
diameter of the bolt, i.e. for bolts from 3 to 
1 in. diameter, and provided the length of the 
bolt is between 6 and 12 in. If the bolts are 
longer than 12 in., it will be necessary to increase 
the diameter of the hole to about ,!, in. less 
than the diameter of the bolt, and when 
exceptionally long bolts are required, the 
diameter of the hole should be the same as the 
bolt. In awkward and difficult cases the driving 
of the bolt will be greatly eased by smearing 
it with tallow. 


If copper bolts are used in lieu of galvanised 
iron, the hole should be bored only ,', in. less 
than the bolt diameter, and in exceptionally long 
bolts, the boring should be equal to the bolt 
diameter. The impetus in driving copper bolts 
will increase their diameter. 


The foregoing applies to the denser materials, 
and it therefore follows that in driving fastenings 
in less dense timbers, the diameter of the borings 
will be somewhat less, but the scantlings of 
the members must also be taken into considera- 
tion, otherwise there will be danger of splitting. 


Where copper boat nails are used for attaching 
the outside planking, the diameter of the holes 
to receive the fastenings should be not more 
than the width of the flat of the nail, Fig. 44. 
The various stages in boring and driving a 
clenched copper boat nail are indicated in Fig. 43. 
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Brass wood screws are becoming increasingly 
popular for attaching the outside planking 
to grown frames, and many designers would 
like to see approval given for bent frames also. 
The boring of the timber for wood screws, 
especially in dense material, must be very 
carefully executed, otherwise there is extreme 
danger of breaking the screw in driving, 
accompanied by difficulty in extracting the 
broken end. 


The length of a wood screw should be approxi- 
mately three times the thickness of the material 
through which it passes. Before driving a 
screw a hole should first be bored slightly 
less than the diameter of the shank and of a 
depth at least two thirds the length of the 
shank from head to thread. In very soft 
timber the hole should be bored not more than 
half the length of the shank. A leading hole 
should next be bored about two-thirds the 
length of the thread in depth and about half 
the diameter of the hole bored for the shank. 
Brass wood screws dipped in tallow before 
driving will greatly minimise the risk of wringing 
on driving, or on extracting at a later date. 

As a general rule the heads of all fastenings 
should be fitted with a grommet. 


The quality of brass wood screws has been 
causing considerable concern as on extraction 
a great number are found to be badly pitted 
by electrolytic action, and in many cases to 
such an extent that by the first turn of the 
screw-driver they break in two. Until recently 
these screws have been made from common 
brass and are quite unsuited for yacht building. 
It is now possible to obtain them in gun metal, 
and although not entirely solving the problem, 
it should at least lengthen their life. 


The use of dissimilar metal fastenings in 
yachts can hardly be avoided (unless the 
Owner is prepared to accept the additional 
cost), with the result that in many cases severe 
electrolytic action takes place. This in turn 
may cause a breakdown in the timber through 
electrochemical attack, particularly in the 
region of steel floors, fastened with copper or 
metal bolts. This year the Forest Products 
Research Board issued the following report 
on the electrochemical attack on boat timbers, 
and as this is probably the first thorough 
investigation carried out it is of tremendous 
value and interest to those connected with the 
industry. 
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ELECTROCHEMICAL ATTACK ~*° 
ON BOAT TIMBERS 


A type of breakdown often occurs in the 
wood of boat hulls, decks, ete., which, although 
it resembles fungal decay in appearance and 
in some of its effects, has been shown to be 
of chemical origin. The form most commonly 
observed is a localised softening of the wood 
immediately adjacent to metal fastenings 
such as the copper clench nails holding double 


skin hull planks together and the yellow metal’ 


bolts which pass right through hull planks, 
timbers and floors. This softening frequently 
results in loosening of the fastenings, or “nail 
sickness”, and many instances have been 
reported where hull planking has had to be 
renewed very early in the life of wooden craft— 
particularly in yachts of the small cruising type. 


The primary cause of this type of breakdown 
is thought to be the presence of dissimilar 
metals in contact with moist wood. The metals 
form the poles of a galvanic cell, the moisture 
in the wood forming the electrolyte solution. 
When the wood contains moisture in which 
an inorganic salt is dissolved, e.g. sea water, 
conditions are particularly favourable, and an 
external connection between the metals can 
complete the circuit so that the salt in the 
wood is electrolysed progressively. According 
to the relative positions of the metals concerned 
in the electrochemical series, the more ‘‘noble”’ 
forms the cathode and the less “noble” the 
anode in the cell. As a result of the electrolysis 
of the salt, sodium hydroxide forms at the 
cathode and concentrates in the wood adjacent 
to it. The chloride ion from the salt combines 
with the anode of the cell, resulting in corrosion 
of the latter and formation of new salts around 
it. When, as is often the case in practice, 
the anode is iron, secondary reactions ultimately 
produce free hydrochloric acid which concen- 
trates in the wood around this point. 


In order to verify that galvanic action as 
outlined above does, in fact, take place, 
simple experiments were set up in which two 
dissimilar metals were embedded in pieces of 
wood moistened with salt solution, and con- 
nected externally by a wire. It was found 
that the results resembled very closely those 
found in boat timbers; alkaline conditions 
developed rapidly around the cathode and, 
at least in the case of iron, acid conditions 
somewhat later at the anode. Anodes of other 
metals have still to be examined. These 
experiments were repeated with similar results 
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on several species of both hard and soft woods 
as well as on blocks of compressed pure 
cellulose. 


Striking practical confirmation of this explana- 
tion was obtained in the course of a recent 
examination of the timbers of the famous 
“Cutty Sark’. This vessel which has been 
afloat for 83 years has teak hull planks of 4—6 in. 
thickness secured to iron frames and iron 
diagonal bracing plates by means of massive 
yellow metal bolts. Numerous localised areas 
of both strong acidity (hydrochloric acid) 
and strong alkalinity (sodium hydroxide and 
sodium carbonate) were found on the inside 
of the hull above and below the waterline, 
and very extensive local breakdown of the 
wood in these regions had occurred. It was 
possible, at a point slightly above the waterline, 
to measure a potential difference of 35 to 40 
millivolts between an iron plate and a bronze 
bolt not in direct metallic contact, indicating 
that electrochemical action through the mois- 
ture in the wood was still proceeding. 


The softening accompanied by dark coloura- 
tion of hull planks around copper or yellow 
metal fastenings in comparatively new vessels 
is almost invariably due to attack on the wood 
by caustic soda formed at cathodes. On quite 
new vessels where this attack has not yet 
produced any noticeable softening, the presence 
of alkaline areas is frequently revealed by the 
destructive effect of caustic soda on stopping 
compounds and paint or varnish. In many 
cases investigated, metal bolts giving rise to 
alkaline areas in external hull planks were 
found to pass through galvanised iron floors 
on the inside of the hull. Strongly acidic 
areas were found in these instances to exist 
at the surface of timbers in contact with the 
iron floors. It should be noted that galvanising, 
while protecting iron from atmospheric cor- 
rosion and the effects of contact with the more 
acidic woods such as oak, does not prevent it 
from reacting in the manner described above. 
The zinc of the coating, being even more anodic 
to copper than iron, is rapidly attacked at the 
points of contact with the electrolyte. In the 
examples quoted rust had formed in quite a 
short time along the edges of the areas of con- 
tact between the iron floors and timber frames. 


It is apparent that the part played by the 
wood in sustaining conditions favourable to 
galvanic action is merely to act as a reservoir 
for salt solution. Its moisture content will 
therefore be of much greater importance 
than any intrinsic properties inherent in 


particular species. Observations made by 
experienced boat builders and _ surveyors, 
however, agree in condemning certain species 
of timber as susceptible to this form of attack 
and in exonerating certain others. African 
mahogany in particular has been said to 
deteriorate rapidly around copper and bronze 
fastenings under conditions which experience 
has shown to be innocuous to teak and pitch 
pine. Opinions on the behaviour of Honduras 
mahogany are not so unanimous. Examinations 
have been made therefore of a number of small 
cruising yachts of similar construction but 
having hull planking of the following different 
species:—- Honduras mahogany, African maho- 
gany, pitch pine and teak. Although not 
built to the same design, all these yachts 
had galvanised iron floors and yellow metal 
fastenings. Owing to careful maintenance 
none of the hulls showed advanced softening 
of the wood. In all cases, however, the planks 
on the outside immediately adjacent to bolts 
gave strongly alkaline reactions when tested 
with moist pH test paper, this showing that 
galvanic action was proceeding actively in all 
the hulls irrespective of species. 


The difference in behaviour of the various 
species under approximately similar conditions 
of use must be attributed to their varying 
intrinsic resistance to alkali. Some indication 
of the relative durability of boat-building 
timbers exposed to electrochemical action 
may be deduced from their solubility under 
standard conditions in alkali. The following 
data represent the percentage losses in weight 
of wood raspings after immersion for 24 hours 
at 15°C. in a 5 per cent solution of caustic 
soda in water, in the ratio of 75 ml. per 1 g. of 
wood. 


Loss in weight expressed as 


Species percentage of dry weight 

Spruce 3-5 
Larch i 2-7 
Pitch pine ... 6-0 
Douglas fir ... re 8-2 
Western red cedar... 19-0 
Teak 7-2 
Krabak om 6-2 
Honduran mahogany 15-6 
African mahogany ... 14-8 
Iroko me 18-0 
Canadian rock elm ... 10-4 
English elm 15-5 

21:5 


English oak 
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The order of these results corresponds 
broadly with the order of resistance found in 
practice. The softwoods spruce, larch and 
pitch pine show uniformly good resistance, 
together with the hardwood teak. Mahogany, 
whether African or Honduran variety, is 
moderate to low and English oak is very low. 
With a few notable exceptions such as western 
red cedar, these species would exhibit much 
the same order of resistance to acid. The 
long life of the “Cutty Sark’ is an eloquent 
tribute to the resistance of teak to attack 
by both acids and alkalis, though the great 
thickness of the planking is, of course, also a 
significant factor. 


The ideal precautions which should be taken 
to prevent damage in boats from these causes 
would consist in the use of metallic parts of 
the same or closely related electrode potentials 
throughout the whole structure, together with 
efficient means of electrical insulation between 
the metals themselves and between the metals 
and wood surfaces. In practice it is seldom 
possible to avoid entirely the use of dissimilar 
metals, but insulation between them by means 
of fibre or plastic washers and bushes should 
be practicable in most instances. Insulation 
between metal and wood could be provided 
for in many situations, e.g. the areas of contact 
between iron floors and timber frames, by 
the insertion of plastic, rubber, or bitumenised 
felt gaskets. The more difficult positions would 
be the areas of contact between shanks of 
bolts and the wood through which they pass. 
It is already common practice to coat large 
bolts, such as keel bolts, as well as the in- 
side walls of the holes which are to receive 
them, with bitumen, chlorinated rubber paint, 
etc. It is suggested that an extension of this 
technique to smaller bolts passing through hull 
planking or decks, though painstaking, might 
prove worth while. 


Where electrical apparatus of any kind is 
installed in boats particular care should be 
taken with insulation, since very minute stray 
currents can accelerate the chemical reactions 
to a marked degree. Reversal of normal 
galvanic polarity can also occur as a result 
of stray currents, leading to unexpected results. 


A combination of all these measures applied 
with the attention to detail which characterises 
so much of normal boat-building practice 
could not fail to minimise the risk of damage 
from electrochemical causes even where the 
least resistant timbers are in use. 


The types of fastenings used are compara- 
tively few, although in design there may be 


gun metal and copper, but other non-ferrous 
metals may be approved, such as stainless 


variations according to their use. Generally, 


steel having 18 per cent chromium and 8 per 
the fastenings are made of galvanised iron, 


cent nickel. 


TYPES OF FASTENINGS 


Wood Screws Material Nails Material Bolts Material 


Nut & Screw Gun Metal 


Countersunk heads \ Boat Nails Copper 
Galvd. Iron 


Galvd. Iron 


Round heads Gun Meta] | Hatch Nails... Gun Metal | Through Clench Gun Metal 


Galvd. Iron Copper 
Raised heads ... | | Galvd. Tron | Clasp Nails ... Gun Metal | Dump Gun Metal 
Galvd. Iron Galvd. Iron 
Coach Screws 
Tacks Copper Dowels... Gun Metal 
Keel Bolts Gun Metal 
Galvd. Iron 


‘TABLE SHOWING DEAD LOAD OF COPPER NAILS 
CLENCHED ON WASHERS 


Gauge of Nail | 


Square Section | ches Remarks 


Type of Wood 
| 


-276 Oak to Teak 1409 Nail head began to drag through plank. 
+252 1348 oer a] Pe) So ie a 

Toa" | sae Sette 1170 . oe 
-212 | Elm to Pitch Pine 1068 my s 
-192) , 990 is sy 
“176 : A : 831 7 

-160 714 
144 ; 675 


” 


OOS Ol CO DD 


Nail head began to drag through planking. 
Slight elongation of nail noticeable. 

-128 f Nail head began to drag through planking. 

-116 5 _ 

-104 aie 3 + i B re Py. - 

-092 3 9 Nail head began to drag through planking. 

Rivet and washer burst. 
-080 ; 2 Nail head began to drag through planking. 
Rivet and washer burst. 


” ” ” ” ” 


Copper nails turned over in wood at angle of 60° to grain without washers gave out at from 34% 
less load in the largest sizes to 39% in the smaller sizes. 
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LOAD WHICH A SINGLE SCREW IS CAPABLE OF SUSTAINING IN HARDWOOD 


Screw points two-thirds in wood. Screws eight diameters in length. 


GALVANISED SCREWS 


7 Diameter | 
Gauge in inches | 4084 in Ibs. Remarks 


321 
294 
268 
*242 
*215 
-189 


Head began to drag through planking. 


LOAD WHICH A SINGLE SCREW IS CAPABLE OF SUSTAINING IN HARDWOOD 


Screw points two-thirds in wood. Screws eight diameters in length. 


BRASS SCREWS 


Gauge | Merman Load in Ibs. Remarks 


Screw head began to drag through planking. 


” 


” ” 


Head came off nail. 
Screw head began to drag through planking. 


SYNTHETIC RESIN GLUES IN YACHT 
CONSTRUCTION 


It does not seem so many years ago when 
the use of glue in yacht building was confined 
to the construction of hollow masts and spars. 
What is referred to as an animal glue was 
used for this purpose, and provided the joint 
was kept well covered by varnish, the results 
were satisfactory. A mast, however, is subjected 
to entirely different conditions compared with 
constructional members continually in contact 
with water for long periods, and considering 
the greater part of a mast’s life is spent in the 
vertical position, there is little chance for it 
to collect or retain water which would in time 
affect the strength of the glue joint. 


The introduction of synthetic resin glues, 
however, has made it possible to apply this 
method to practically any constructional 
member, whether wholly or partly in contact 
with water, and provided the correct type of 
glue is selected. 


In selecting the most suitable adhesive it is 
necessary to consider not only the nature of 
the work but also the degree of water resis- 
tance and durability desired. The following 
table gives the particular properties of the 
various types of adhesive. 
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From experience it has been found that the 
resorcinol is generally the more favoured, 
probably because it is more easily handled, 
there being no exothermic reaction, therefore 
there is no variation in the pot life, i.e. the 
time after the addition of the catalyst, during 
which the glue remains usable. 


The exothermic reaction mentioned above 
is a chemical reaction which takes place when 
the catalyst is added to the resin to promote 
hardening and which causes a rise in tempera- 
ture. As a result the pot life is shortened. 
This exothermic reaction varies according to 
the amount of glue mixed, being greater with 
large quantities. 


An important factor with these glues is that 
pressure must be applied before the end of 
the pot life and before the glue thickens so 
that it will spread evenly over the surface of 
the joint. This ensures a thin and even glue 
line and lessens the risk of failure due to 
pre-curing, i.e. setting of the glue before 
pressure is applied, or failures due to pockets 
of faulty adhesion. The latter may occur when 
pressure is applied too late to even out layers 
of thick glue into a uniform spread. 


Synthetic resin glues are very sensitive to 
temperature changes. At low temperatures 


TYPES OF ADHESIVES 


Type of adhesive 


Durability when exposed 


Water Resistance to weathering 


Animal glue 


None None 


Casein 


Some to cold water Fair 


Urea/Formaldehyde Resin glue 


Gap filling Urea/Formaldehyde Resin glue Resistant to water up to 70° C. 


Phenol/Formaldehyde Resin glue 


Resistant to water up to 70° C, 


Better than Casein 


Similar to normal 


Urea/Formaldehyde 


Boil proof Very good 


Resorcinol Formaldehyde Resin glue 


It will therefore be seen that to obtain the 
desired durability and full water resistance, 
phenol or resorcinol formaldehyde resin glue 
must be used. Having fixed the best types of 
glue, it is now a matter for the builder to 
decide which type he prefers, for it is most 
unlikely he will want to use both. 


Boil proof Very good 


the pot life and pressing time is much greater 
than at high temperatures. Gluing should not, 
however, be carried out at temperatures below 
60° F. For best results a temperature of 100° F. 
should be used, and in cases where dense 
timbers are used, such as oak, an even higher 
temperature will give better results. 


To obtain good adhesion some preparation 
of the timber surface is necessary before 
applying the glue. The glue must be able to 
penetrate the pores or vessels of the timber so 
that a mechanical key is formed. Any timber 
having the appearance of a hard polished 
surface should be first sanded. This polished 
surface is sometimes referred to as ‘“‘case 
hardening” and can be caused also in some 
softwoods by the use of dull cutting tools. 


Another very important point is the moisture 
content of the timber, which should neither be 
too high nor too low; probably about 15 per 
cent would give the most satisfactory results 


If the moisture content is too high or too 
low there will be a serious risk of glue starvation. 
With a high moisture content the glue will 
disappear into the timber through capillary 
attraction, and with a low moisture content 
the solvents in the glue are absorbed by the 
dry timber. 

Although resorcinol glues can be satis- 
factorily used in temperatures of about 60° F.. 
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it is essential for economy, and especially 
where a considerable amount of gluing is 
being carried out, that some form of heating 
be adopted. 


In yards where extensive gluing operations 
are in progress, arrangements have been made 
to deal satisfactorily with the gluing technique 
with small capital outlay. A typical arrange- 
ment is the erecting of a sparred flat or floor 
about 18 in. above the normal floor level, and 
under which steam or electric heaters are 
placed. The sparring must be of a substantial 
nature (about 3 in. by 3 in.) as it will have to 
support constructional members to be glued. 
On completion of the gluing and clamping, 
quilts made of fibreglass are placed over the 
components to retain the heat which is regulated 
to the desired temperature. 


Each year the yacht yards are advancing 
in their knowledge of the technique of gluing, 
adopting new methods of construction and 
gradually overcoming the inevitable problems 
which are bound to arise. 
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YACHT BUILDING TIMBERS 


Item | Timbers normally specified 


Keel & False Keel, 
Stem, ESSeEp Orr & | 
Deadwood = | English oak 

| English elm 

| Mahogany 

| Teak 


English oak 
| Teak 


English oak 
Canadian rock elm 
| Ash 

Acacia 


Floors ws. ase oe | English oak 
Teak 
Mahogany 


Grown Frames ... 


Bent Frames 


Shelf, Saeat & ri 
Stringers .. English oak 

Teak 

Canadian rock elm 

Pitch pine 

Oregon pine 

Larch 

Spruce 


English oak 
| Teak 

Pitch pine 

Oregon pine 

Mahogany 

Larch 

Spruce 


English oak 
Larch 


Outside Planking ... Teak 
| Mahogany 
Oregon pine 
Pitch pine 


Deck Planking ... ... | Teak 

Mahogany 

Oregon pine 

Yellow pine 

Spruce 

Western red cedar 
(Canvas covered) 


Beams & Carlings 


Lodging Knees ... 


Covering Boards, King 
Planks & Margins ... | Teak 
Mahogany 
English oak 


ACCEPTABLE SUBSTITUTE TIMBERS 


Timber normally specified | Acceptable Substitute 


Teal). ee: Se nes 
Kokrodua 

(Afromosa Sp.) 
Muninga 
Kopur 


(Nore:—Brunei teak 
is not an alternative) 


Mahogany ... .... ..... Makore 
Sapele 
Opepe 
Agba 
English oak .| The majority of 
Continental oaks 


CONSTRUCTION PLAN of (2 TON. TM AUX WOOD YACHT 
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ASS 


1. Ballast Keel 9. Rudder 17. Bilge Stringer 25. Carling 33. Covering Boardl} 

2. Wood Keel 10. Rudder Stock 18. Mast Step 26. Tie Rods 34. Kingplank 

3. False Keel 11. Rudder Heel Fitting 19. Outside Planking 27. Lodging Knees 35. Coachroof Beamsi-- 
4. Lower Stem or Forefoot 12. Frames or Timbers 20. Bulwark 28. Hanging Knees 36. Mast Partner Chock 
5. Upper Stem 13. Strap Floors 21. Transome 29. Under Deck Chocks 37. Coachroof Top 

6. Sternpost 14. Wood Floors 22. Strong Beams 30. Coachroof Coaming 38. Keel Bolts 

7. Deadwood 15. Beam Shelf 23. Ordinary Beams 31. Deck 

8. Counter Timber 16. Clamp 24. Half Beams 32. Margin Plank 
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GENERAL NOTES ON GREAT LAKE SHIPS 


By L. D. MACBEAN 


INTRODUCTION 


HIPBUILDING on the Great Lakes over 
the years, wartime activity apart, has been 
intermittent and the Industry, therefore, 
has never quite attained the position of national 
importance such as it enjoys in the United 


Kingdom and European countries. This lack of 


continuity, and also the lack of an approved 
apprenticeship scheme, greatly affects the supply 
of trained personnel available both in the ship- 
yards and in associated industries, so that we 
find few manufacturers whose activities are con- 
fined to marine components only. As a result. 
at the shipyards, in the boiler and engine 
works and at the steel works. the Surveyor, 
perhaps more so than in any other district. is 


GATEWAY TO THE GREAT LAKES 


Recorded history states that the St. Lawrence 
River (See Sketch No. 1) was first navigated by 
the explorer, Jacques Cartier, who sailed up the 
St. Lawrence River in 1534 to the Indian village 
of “Hochelaga” (now Montreal). Unrecorded 
history indicates, however, that generations 
previous to Christopher Columbus's ‘discovery’ 
of the American Continent in 1492. fishing vessels 
from Cornwall (Britain), Brittany and Nor- 
mandy voyaged each spring to the Gasp* and 
Gulf of St. Lawrence Coast and returned in 
the autumn to Europe laden with dried cod, A 
conspiracy of silence shrouded their voyages 
throughout the legendary centuries, and it may 
well be that Cartier’s voyage was inspired by 
the whispered tales of the hardy and incredibly 
brave fishermen. 


constantly complaining and very often defend- 
ing his code as compared with established 
national, provincial and continental practices. 

What might be described as Frontier Vitality 
and initiative still dominates many aspects of 
Canadian Shipbuilding on the Great Lakes. and 
to deal with this situation the Surveyor requires, 
in addition to his professional skill. the ability 
to adapt himself to unusual conditions. which he 
is quite unlikely to encounter outwith this area. 
In his surveying activities, he is dealing mainly 
with old ships, transporting perishable cargoes, 
as, despite the tonnage constructed in the past 
few years, the mean age of the ships in this 
district is 34 years. 


THE GREAT LAKES 


The Great Lakes (See Sketch No. 2) first 
discovered by the French explorer, Champlain, 
in 1615, and their connecting channels, form 
a natural transportation highway having a fresh 
water surface area of over 95,000 square miles, 
and a shore line of 8,300 miles, and affords 
access to a region noted for the magnitude of 
its natural and industrial resources. From the 
Strait of Belle Isle, at the mouth of the Gulf of 
St. Lawrence, the sailing distance to Port 
Arthur, at the head of Lake Superior, is approxi- 
mately 2,300 miles. About 1,000 miles is below 
Montreal, which is at the head of Ocean naviga- 
tion on the St. Lawrence River, and about 1.000 
miles is on the open Great Lakes. Navigation 
between ocean and lake ports is limited to 
ships (Canallers) suited to the available dimen- 


sions in siz canals around rapids of the St. 
Lawrence River, between Montreal, Quebec, 
and Prescott, Ontario, with locks having least 
usable length of 252 feet, width of 44 feet, and 
depth over sills of 14 feet. To reach Lake 
Ontario on a voyage from Montreal, a vessel 
must navigate six canals, and pass through 
twenty-one locks. 


The Welland Canal, connecting Lake Erie and 
Lake Ontario, (See Sketch No. 2) has a series of 
locks, aggregating a total lift of 327 feet. The 
control lock at Humberstone is 1,380 feet in 
length by 80 feet wide, with a depth over the 
lock sills of 30 feet. The remaining locks vary 
in length from 765 to 865 feet. At Sault Ste. 
Marie, there are locks on both Canadian and 
American territory, the most modern one being 
800 feet in length, with a width of 80 feet, and 
a depth of 31 feet. This lock can be filled in 
ten minutes and empties in eight minutes. 


An additional navigable connection for larger 
ships from the Great Lakes to the sea is afforded 
by the Illinois Waterway from Lake Michigan 
at Chicago to the Mississippi River, and thence 
to the Gulf of Mexico. 


. 


EARLY LAKE SHIPS 


In a small clearing above Niagara Falls, on 
the east bank of the Niagara River, was built 
the first ship ever to make a voyage on the 
Great Lakes. La Salle, and his band of explorers, 
cut green timber in the forest and constructed 
a ship which was launched in the spring of 1679. 
She was named the “Griffon” or “Le Griffon”, 
and eventually sailed up the Niagara River into 
Lake Erie, and, after an adventurous voyage, 
reached Green Bay (See Sketch No. 2). Loaded 
with a full cargo of furs, she set out on her 
return voyage. This was the last ever seen of 
“Le Griffon”. 


In 1816, the first Canadian Lake Steamer, 
the ““Frontenac’’ was built, but as her activities 
were confined to Lake Ontario only, she is not 
generally accepted as the first steamer to navi- 
gate the Upper Great Lakes. In the colourful 
language of the day, it is recorded that as she 
entered “each harbour with wood smoke and 
sparks belching from her funnel with every 
asthmatic wheeze of her engine, Indian spec- 
tators quaked in the knees at the majestic and 
fearful spectacle before them”. 


PROGRESS 


As steam gradually replaced sail and pioneers 
crowded the area around the Great Lakes, larger 
ships became a necessity and shipyards and 
repair facilities were greatly expanded. Progress 
over the past century is perhaps best illustrated 
by comparing photographs Nos. | and 2. Photo- 
graph No. 1 shows three yachts and a schooner 
in Muir Bros. Dry Dock, at Port Dalhousie, 
Ontario, in 1850, and photograph No. 2, a 
recent aerial picture of Port Weller Dry Docks 
Ltd., Port Weller, Ontario, strategically located 
near the entrance to the Welland Canal. Part of 
the winter lay-up fleet can be seen in the back- 
ground and in the dry dock a new 13,000 ton 
Upper Laker under construction, together with 
two canal size ships under survey. 


NAVIGATION 


Due to climatic conditions, navigation on the 
Great Lakes opens officially on the 15th April, 
and mid-night, December 12th, is considered 
the close of navigation. Ships may sail previous 
to 15th April and after December 12th, but 
special arrangements must be made with the 
Underwriters, as the latter take a very dim view 
of ice damage sustained outwith the official 
dates. Actually, higher premiums must be paid 
for ships sailing previous to 15th April, and 
rates are again raised progressively from Ist 
December onwards. 


Photograph No. 3 shows the “John 5. 
Pillsbury” in the lock at Sault Ste. Marie, 
Ontario, on her final voyage of the season and 
laden with a storage cargo of grain. 


All ships are equipped with the most modern 
aids to navigation but, curiously enough, I have 
never seen a sextant on board a Lake ship. 
Operating mainly in hazardous, restricted 
waters for the greater part of the voyage, and 
navigating through the series of locks and canals 
connecting the various lakes, the ships sustain 
much unavoidable damage. Shell plates become 
indented and corrugated, and this condition is 
further aggravated at the opening and again 
at the closing of navigation, by bucking heavy 
ice. 


In the spring, at each Lake Port, a pleasing 
century-old tradition is maintained, when the 
Captain of the first ship to arrive with a cargo 
is ceremoniously weleomed. The honour of 
being first in is a much sought after distinction, 


CARGOES 


Canadian Lake bulk freighters are designed 
primarily to carry iron ore, grain, pulpwood, 
coal, limestone, cement, ete., and the methods 
of loading and unloading these sargoes cause 
considerable, and to the uninitiated, severe 
damage to the internal structure of a ship, 
particularly to the tank tops, bilges and side 
tanks. Two methods are in general use. the 
“Hullet’? Unloader and the ordinary grab clams. 
Sketch No. 3 illustrates the “Hullet” lowering 
a bulldozer into a hold to complete unloading. 
To watch the grab clams in action, landing 
with considerable force on the tank tops, and 
swinging against the side tanks and hatches. is 
a revealing experience on what a ship’s struc- 
ture will stand up to and still fulfil its purpose, 
As round voyages on the Upper Lakes only 
occupy from five to six days, the ships are 
almost continuously subjected to this rough 
treatment during the season. 


Astonishing records have been set in loading 
ore cargoes—in one instance, 12,507 tons in 
16} minutes, but the average time in mild 
weather is about 24 hours for 14,000 tons. 


Pulpwood is loaded into the ship through a 
series of water troughs and chutes, and the logs 
drop into the holds from a considerable height. 
causing indentations to the tank top, particularly 
under cargo hatchways. Water streams into the 
holds from the chutes and special drainage 
facilities must be provided to deal with this 
condition. 


Grain cargoes flow into the holds by spouts 
and are discharged through special “legs”. 
Despite the rough usage, the ships receive in 
the ore, coal and wood trades, grain cargoes are 
transported with a minimum of loss. The 
following figures, authorized by Members of 
the Great Lakes’ Sub-Committee, represent two 
fleets for the 1953 season: 


Damaged Grain 


1,000 bushels 
Less than 1,000 bushels 


Total Grain Carried 
177,000,000 bushels 
130,000,000 bushels 


LAKE SHIPS 


Types of ships include Upper Lakers and 
Canallers, tankers up to 12,500 tons. self- 
unloaders carrying coal and cement. package 
freighters with elevators installed to handle 
cargo, passenger ships, tugs and barges. During 
the eight month operating season. the average 
canal type vessels will steam approximately 


21,000 to 25,000 miles, an Upper Laker approxi- 
mately 39,000 to 43,000 miles, and tankers 
approximately 29,000 to 31,000 miles, Tankers 
operate on similar lines to ocean ships, as do the 
passenger ships and package freighters, and do 
not present any particular problems that are 
not encountered in general surveying activities 
elsewhere. From the Surveyor’s point of view, 
the Upper Lakers and Canallers alternating in 
the ore, grain, coal and wood trades. are the 
most important as in the spring in addition to 
Classification, Hull and Machinery Require- 
ments, each ship is surveyed to ascertain her 
fitness to carry grain cargoes, and a separate 
certificate is issued to enable her to do so. 


A ship cannot load her first grain cargo at 
any elevator on the Lakes until the Surveyor’s 
telegram of authorization has been sent to the 
co-ordinating authority. As a result, the 
examination for seasonal grain carriage has, in 
the Owners’ and Underwriters’ understanding, 
assumed more importance than surveys carried 
out for maintenance of Class. 


The present-day Canadian Lake Fleet is 
composed of vessels built in the United King- 
dom, Canada and the United States, but almost 
50 per cent were originally constructed in the 
latter country. Due to ecomonic conditions, 
the Canadian owners found it more expedient 
to buy American ships which had outlived their 
usefulness in the particular trades in which they 
were engaged—mainly due to size and lack of 
speed—items which were not regarded as too 
important on the Canadian side, 


Sketches 4 & 5 illustrate a typical Canaller 
and Upper Laker, respectively. As these ships 
generally carry cargo one way only, an unusual 
system of ballasting has been evolved. Water 
is run in or pumped into the after hold and the 
amount varies with the state of the weather and 
at the discretion of the Master. Generally, 
however, there may be from four to six feet in 
the after hold, trimming the ship by the stern. 
The most searching enquiries over the years has 
failed to establish that any particular disaster 
was attributable to this unorthodox system of 
ballasting. 


Some singular machinery units are met with 
and I have in mind one particular ship which 
has passed the half-century mark and where 
the machinery installation comprises a recipro- 
cating engine, water tube boilers and a jet 
condenser. No repairs of any consequence have 
been carried out on this ship over the past 
several years, 


SURVEYS 


Government Regulations require that all Lake 
ships dry dock at four-yearly intervals for 
inspection of hull, screwshaft, seacocks, etc., 
and the same ruling is applicable irrespective 
of whether the shaft has a liner or not. 
Passenger ships must dock every two years. 

Ships engaged exclusively in Lake service 
are laid up each year from early in December 
to 15th April but, as previously mentioned, 
the Owners’ arrangements with Underwriters 
govern the exact dates. Ships due for dry 
docking and major repairs tie up near the 
various dry docks and the remainder go into 
winter quarters at Lake and River ports. 
Immediately on arrival the boilers and machin- 
ery are prepared for survey. Due to climatic 
conditions, the utmost care must be exercised 
by the engineers to ensure that all equipment 
is thoroughly drained of condensate. Special 
connections are provided to pump a mixture 
of black oil and tallow into the seacocks and 
overboard discharge valve chests and the stern 
tube. The machinery is opened up annually, 
practically as required for a Special Survey 
but, as the majority of the ships are at widely 
scattered ports, anything from 40 to 230 miles 
from Toronto, it is impossible for a limited 
staff of Surveyors to see and record all items in 
the three weeks previous to the ship’s staff 
being paid off for the winter. Continuous 
Machinery Surveys appeared to be the most 
practical way to deal with this problem ensur- 
ing that all machinery items are surveyed over 
a four year period. By arrangements with 
the Owners, crankshafts are now examined 
whilst the vessels are in dry dock and meggar 
tests are also carried out at the same time. 
Continuous Machinery Survey sheets are now 
available on the majority of the ships and 
are endorsed each year by the Surveyor and 
the Chief Engineer. , 

Every effort is made to survey at least one 
boiler during the period the engineers are still 
on board, but local knowledge and_ the 
S.R.L. are guides to the rotation in which the 
ships should be examined. At this time, and 
particularly in the more remote ports, the 
Surveyors are requested to approve suggested 
methods of repairs to hulls and machinery, 
which often reflect more credit on the origina- 
tor’s initiative, rather than his knowledge. It 
is unwise, under these circumstances, to adopt 
an arbitrary position and retreat behind the 
Rules, as in most cases a reasonable and 
acceptable solution can be arrived at by free 
enquiry. 


STORAGE SURVEYS 


Due to the vast quantities of grain grown in 
Canada, there is generally a large surplus 
available, and during the winter months great 
quantities are stored on the Lake bulk freighters. 
Previous to loading a storage cargo, - and, 
approximately 65 per cent of the entire Lake 
fleet do, the ships must be surveyed at the 
loading port, and again on arrival at her 
destination. Winter Mooring Surveys are also 
carried out on behalf of the Underwriters con- 
cerned. 


Certificates under the Society’s heading are 
issued to caver Storage and Hatch Surveys, 
but Mooring Surveys are reported on forms 
supplied hy the appropriate Salvage Associa- 
tion. 


FLAX SURVEYS 


To carry a flax cargo, a ship must be surveyed 
previous to and after loading each cargo. This 
is a wise precaution bearing in mind that shift- 
ing boards are not considered necessary on 
Lake ships. 


OPENING OF NAVIGATION 


As the 15th of April approaches, Lake ports 
are the scene of much hustle and activity as 
approximately 180 ships in and around Toronto 
are prepared for another season. A very limited 
time is allowed the crews for fitting out so that 
the Hull Surveys must be carried out between 
the middle of March and the 15th of April. 
Tankers, self-unloaders, ete., excepted, the 
majority of the ships are inspected for seasonal 
grain carriage, and in most cases the surveys 
are carried out in conjunction with the require- 
ments for maintenance of Class. 


At this time, and together with the Annual 
Load Line Survey, a careful and extensive Hull 
Survey is carried out afloat, and the Surveyor 
must exercise the utmost vigilance to ensure 
that the vessel is fit to carry perishable cargoes. 
The decks must be water tested and certified 
tight, equipment examined as far as practicable, 
bilges opened up and flushed through. Peaks, 
cargo holds, bulkheads, machinery spaces, 
steam and exhaust pipes, pumping arrange- 
ments and electrical connections in holds 
examined, Air and sounding pipes are potential 
sources of danger. Indentations in the shell 


plates and tank tops are not, within certain 
limits, regarded with too much uneasiness. but 
the Surveyor is particularly alert for cracks on 


both the old and modern ships. After a brief 


period in service transporting ore and coal. 
new ships quickly acquire the characteristics 
peculiar to those which have been in service 
for 40 or 50 years. 


Boiler safety valves are adjusted and life- 
boats tested by the Canadian Government 
inspectors when steam has been raised just 
prior to the ship sailing. The surveyors and 
inspectors co-operate and work in harmony, each 
realising the other’s problems and separate 
responsibilities. Without this understanding it 
would be almost impossible for either to perform 
efficiently at this particular season of the year. 


Ships which dry docked during the winter 
months, and others which have undergone 
extensive damage repairs and reconstruction. 


are again finally checked as the assistance of 


the crew is essential for the surveyor to carry 
out his duties. As he proceeds from ship to 
ship, frequently followed by a host of riveters, 
pipe fitters and welders carrying out last 
minute recommendations and repairs, little 
time is available to speculate on the more 
academic aspects of surveying. One approaches 
an old ship with caution at all times. but 
surveying three or four in one day calls for a 
certain amount of fortitude and some actual 
knowledge and advice on the history of the 
various ships. 


The foregoing methods of Hull and Machinery 
Surveys were gradually evolved over the years 
as best suited to operating conditions on the 
Great Lakes, and have the added advantage 
of keeping the ships under frequent observation. 


The resourcefulness and the skill of the early 
surveyors who formulated the principles which 
guide us today cannot be too highly regarded. 


SHIPYARDS AND DRY DOCKS 


Throughout the winter new construction and 
repairs to ships in dry dock proceed apace, but 
under certain handicaps. Through the heavy 
ice formations in the approaches to the dock 
must be cut a channel to float the ships in and 
out. Temperatures vary considerably through- 
out the Province and below zero temperatures 
are common. At Collingwood the average 


temperature is approximately 10° above zero. 
The average shipyard worker is a hardy, 
independent fellow and_ those residing per- 
manently near the various yards usually have 
alternative means of employment—a little farm 
or orchard, perhaps a small welding shop or 
gas station. There is work, too, in the woods 
and on the highways. 


MODERN SHIPS 


Since 1948, approximately 170,000 tons of 
new construction, built to the Society’s require- 
ments, have been added to the Upper Lake 
Fleet. As all of the older ships are still operat- 
ing, it is not unreasonable to speculate that 
the impending extension and development. of 
the St. Lawrence Seaway may have stimulated 
this extensive building programme. An addi- 
tional 50,000 tons is presently under construc- 
tion, including the largest ship ever built on the 
Great Lakes, measuring 714 ft. O.A. ~ 70 ft. ~ 
37 ft. 


A completely welded ship would possibly be 
an advantage, but existing facilities and person- 
nel are best suited to the type of vessel where 
both riveting and welding can be employed. 


Typical construction would be riveting of the 
fore and aft seams and shell plates to frames. 
Shell butts are welded, also tank tops, side 
tanks, bulkheads, hatches and superstructures. 
Large pre-fabricated sections are welded in the 
various yards and automatic electric welding 
is widely used. 


Photograph No. 4 shows a 620 ft. x 68 ft. >< 
35 ft. tanker being launched into the dry dock 
at Collingwood, Ontario. The dock measures 
412 ft. in length by 104 ft. wide, but narrows 
at the entrance gate to 96 ft. The successful 
launching of a large ship into this restricted 
space must be considered no mean feat. At 
Midland, Ontario, the building berth is parallel 
to the Lake and a new ship is literally dropped 
into Georgian Bay. At Port Weller Dry Docks 
(photograph No. 2) building proceeds ‘‘on the 
shelf” and on completion the ship is simply 
floated off. 


Machinery installations on the new ships, 
mainly turbines, embody all the latest advances 
in design and on the most recent ship even the 
ballast manifold valves are hydraulically opera- 
ted. 


THE DISTRICT 


Principal Ports and Towns covered from 
Toronto Office with approximate travelling 


distances 
Miles 

Belleville ~ 120 
Brantford ... te site OO 
Collingwood (Shipyard) 100 
Galt (Boilers) ~ “ alee 
Goderich sas re sca 240 
Guelph —... ee Pa Eom tse) 
Hamilton (Steel works)... Si, 4D 
Midland (Shipyard) 100 
Oshawa... na £7 sattroe 
Owen Sound (Small shipyard 

propellers and castings) 120 
Port Colborne and Canal Area 100 
Muir Bros. (Shipyard)... Reatty ds) 
Port Weller (Shipyard)... 2-480 


Port Arthur (Shipyard) 
(Resident Exclusive Surveyor) 1000 


Sarnia “he mae oe sacl SO 
Sault Ste. Marie (Steel works) ... 50( 
St.Catharines (Boilers)... eee 
Welland (Forgings) a ey 
Windsor © ap oa 


Encompassing a wide area, as indicated in the 
foregoing, involves much travelling. Train and 
bus services are available, but in most cases 
inadequate. To provide the prompt service 


expected by owners a car is a necessity, as 
is the willingness to do a little more than is 
necessary. Driving conditions during the 
winter months are hazardous and considerable 
skill is required to traverse in safety the icy, 
snow-bound highways. 


By arrangement, residing acting steel test- 
ing surveyors are available at the various steel 
plants, but there is an almost complete lack of 
qualified men who might be employed in a 
non-exclusive capacity on hull and machinery 
surveys at peak periods. Reciprocal arrange- 
ments with the Cleveland, Ohio, office facili- 
tates the handling of ships laid up in the 
Windsor, Ontario, area. 


Modern up-to-date plants in and near 
Toronto manufacture welded pressure vessels, 
turbines and electrical installations and auxili- 
ary machinery, and contact with these firms 
keep the staff abreast of the times. 


In his travels throughout the Province, the 
surveyor becomes widely known and by en- 
deavouring to carry out impartial and intelligent 
supervision he gains the respect and confidence 
of owners, shipyard officials and labour. As 
this Society’s representative, he occupies an 
accepted and dignified position, but he must 
always remember that there is a tradition of 
service to Canada, dating back to 1852, which 
he should strive to maintain and expand. 
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Report 8 


A FEW GENERAL NOTES AND COMMENTS 


By D. TURNER 


INTRODUCTION 


O apology is being offered for intro- 
ducing a paper of this nature into the 
records of Lloyd’s Register Staff Asso- 
ciation, as, judging from the number of queries 
received and the manner in which many reports 
are written, it is felt there is a need for it, 
especially amongst our younger colleagues and 
others who have not the advantage of more 
experienced Surveyors at hand to guide them. 


You will understand then, from the title and 
the opening paragraph, that it is with the desire 
to be of some help in the preparation of the 
most common of all our Reports—Report 8— 
that these notes are subscribed. If it achieves 
its object there will be mutual gain both to 
those who write the reports and to those who 
afterwards handle them at Head Office. 


It should be added it is recognised that one 
of the most irksome tasks Outport Surveyors 
have to perform in the course of their duties 
is report writing—a duty more often than not 
carried out after normal office hours—but with 
some knowledge of what the Committee require 
of Surveyors when committing the results of 
their labours to paper, it is hoped a little of 
the irksomeness will be removed, and more 
clarity and conciseness introduced. 


EXTRACTS FROM “INSTRUCTIONS TO 
EXCLUSIVE SURVEYORS” (1927) 


It is thought well here to append some 
extracts bearing on our subject from the 
“Instructions to Exclusive Surveyors” since it 
is known that many of our younger colleagues 
particularly are not in possession of this 
publication. 


Reports to be in Exact Terms of Rules 


In reporting special periodical or re-classi- 
fication surveys on ships the Surveyors are to 


be careful to commence their reports by stating 
seriatim, in the exact terms of the Rules, that 
the vessels have been opened up and dealt with, 
as prescribed in the Rules applicable to each 
case, to show that the Rules have been fully 
complied with. 


Actual Condition to be Specified 


The Surveyors are to specify distinctly the 
actual state in which they find those parts of 
ships, for the examination of which particular 
steps are directed by the Rules to be taken: 
such as the condition of the plates, frames, ete., 
in iron and steel ships, when scraped clean for 
examination, ete., the condition in which timbers 
are found where planks are required to be taken 
out for examination; that of treenails when 
driven out for ascertaining their state, and that 
of the timbers through which they pass. 


Condition of the Several Parts to be Stated 


The Committee require the reports, in each 
case, to be a full and faithful record of the 
survey to which a ship has been subjected. The 
Surveyors must, therefore, be very particular 
to state the real condition of the ship against 
the several printed heads provided for that pur- 
pose in the report form. [Report 8; first page 
under “Present condition of the”. ] 


“Good where seen” not to be used 


The vague statement good where seen written 
against the various parts of the ship named in 
the report form must not be used. 


Partial Surveys to be Clearly Described 


In reporting partial surveys, it should be 
distinetly stated what parts have been surveyed, 
and whether the several parts reported upon 
are in good condition. The Surveyors should 
also state in detail on reports of partial periodi- 


eal surveys every requirement necessary to 
complete the survey, and these particulars 
should be repeated upon each report until the 
survey is finally completed. 


Nature and Extent of Repairs to be Clearly 
Shown 


The Surveyors are to set out clearly and fully 
in their reports of surveys and particularly in 
the cases of periodical special surveys, the 
whole of the repairs which have been carried 
out, whether stated to have been on account of 
damage or of wear and tear, and whether done 
at the instance of the owners themselves or in 
consequence of the Surveyors’ own recommenda- 
tions. 


Repairs due to damage (the alleged cause of 
which should be stated) are to be distinguished 
clearly from those which are the result of wear 
and tear, and other causes; and besides being 
detailed in the body of the report, are to be 
summarised in the space -provided for the 
purpose. 


To the end that reports may be as complete as 
possible, the Surveyors (with owners’ per- 
mission) should avail themselves of the earliest 
opportunity of visiting ships on which surveys 
are required, so that they may be able to note 
the state of a ship and her equipment before 
any repairs are effected. By visiting a ship al 
an early date the Surveyors will also be able 
probably to learn the reason of repairs which 


may be carried out on the recommendation of — 


outside Surveyors engaged to make a damage 
report. This knowledge will assist in dis- 
criminating in the reports between repairs 
attributable to damage and those consequent on 
wear and tear. 


Replacement of Anchors and Chains, etc. 


Whenever the replacement of anchors, chains, 
or hawsers is reported, the particulars of weight 
or size and test of the articles, and Proving 
House where tested, should be clearly stated in 
the appropriate space on the back of Report 8, 
also the weight or size, ete., required by the 
Rules, together with the ship’s equipment letter, 
if any. 


General Condition and Opinion as to Class 


The Surveyors are to state the general con- 
dition of the ship and whether in their opinion 
she is worthy of being continued in her charac- 
ter with the records attached thereto, also what 
alteration, if any, is suggested to be made in 
the existing classification and notification of the 
ship in the Register Book consequent upon their 
survey. 


Documentary Evidence 


The Surveyors are to forward any doeu- 
mentary evidence bearing on the case that may 
be offered to them, as essential for the informa- 
tion of the Committee. The originals of letters, 
etc., should always be forwarded, when possible, 
copies being retained at the local office. 


Particulars in Report Headings 


The Committee desire the Surveyors to pay 
special attention to the accuracy of the par- 
ticulars in the heading of their repair reports. 


As such particulars have, in some instances, 
been copied from an old edition of the Register 
Book and serious mistakes inserted in the Book 
in consequence, on no account should any but 
the current edition of the work be used for this 
purpose. 


Alterations of existing records given on 
reports should always be underlined in red ink. 


Dates of Survey to be Inserted 


The dates of the first and last surveys, and 
the number of visits paid to the ship should be 
inserted in the reports. 


Every Survey held to be Reported 


Care must be taken to see that every survey 
that is held on the ship is duly reported. 


Ships laid up after Partial Survey 


In any case in which a survey is partially 
held and the ship is then laid up for an in- 
definite time, a report of such partial survey 
should be made out and forwarded to the 
London Office. 


Reports on Hull and Machinery of same ship 


In all cases where surveys have been held, 
both on the hull and machinery of steam or 
motor ships, the two reports should be 
despatched together, and an entry made in the 
margin of each report stating this has been 
done. In no case, however, is any report, 
whether on hull or machinery, to be retained 
for the accompanying report on machinery or 
hull beyond a few days, when it is to be sent to 
the London Office with an explanation of the 
cause of the delay of the other report. In any 
case in which a report on machinery is sent 
separately, the Engineer Surveyor should 
apprise the Ship Surveyor for the district of 
the circumstance. 


The respective reports of surveys held on the 
same occasion on the hulls and machinery of 
steam or motor ships should bear the same 
numbers; and the numbers given to the reports 
whether on hulls or machinery should be in one 
series, that is, not one set of numbers for the 
hulls and another for the machinery. 


Transmission of Reports 


Reports of survey made out on the official 
forms are to be forwarded to the London 
Office for the consideration of the Committee 
immediately upon the completion of the survey. 


Reports should be forwarded day by day as 
soon as they are ready, in order to afford time 
for them to be prepared in the London Office 
for submission to the Committee. 


Principal Surveyor to see to Prompt Despatch 
of Reports 


The Committee attach the greatest importance 
to the prompt despatch of reports, and require 
the Principal Surveyor of the port, where such 
officer is stationed, to see that their instructions 
in this matter are strictly carried out. 


The envelopes containing the Reports should 
be boldly marked in the top left-hand corner 
with the word “REPORTS”. 


Reports must not be forwarded direct to 
other ports for completion in place of sending 
them to the London Office. 


Reports not to be kept back for Fees 


The Surveyors are not in any case to omit to 
forward a report, because the fees due are not 
paid, but are to enter on the report a full state- 
ment of the fees corresponding with the account 
rendered to the owner or his agent. 


If not sent within a week 


In any case in which the report is not for- 
warded within one week from the completion of 
the survey, a statement explaining the cause of 
delay must accompany the report. 


Reports Confidential 


Tt must be clearly understood that the fore- 
going forms of report are intended to be used 
exclusively for reporting surveys to the Com- 
mittee, and must not be used for any other 
purpose whatsoever. Such reports are to be 
treated as confidential documents between the 
Surveyors and the Committee, and the Sur- 
veyors must not therefore exhibit their reports 
to any person, or furnish copies without the 
express sanction of the Committee. 


Damage Surveys 


This part of the “Instructions to Surveyors” 
regarding Damage Surveys is in the Printers’ 
hands and should be in circulation at an early 
date. These instructions will be found to be 
very comprehensive and therefore few remarks 
on this subject need be made here. 


General 


So much for the official side, but it is sug- 
gested that although usage has slightly varied 
the details of some of the foregoing instructions, 
yet, if they are faithfully followed many obvious 
omissions will be avoided and irrelevant matter 
excluded. It is hoped that revised instructions 
to surveyors (Part 3a “Hull Surveys of Exist- 
ing Ships) will be issued in the near future. 


SHIP REPORTS’ DEPARTMENT 


If you refer to Mr. Sladden’s paper “Classi- 
fication Procedure” read before this Association 
in the autumn of 1947 you will be able to follow 


the movements of Surveyors’ reports after their 
arrival in London Office and before they are 
eventually filed in their boxes in the basement. 
In the path of their wanderings, ship reports 
spend some time in the Ship Reports’ Depart- 
ment and whether they are there for a few days 
or longer depends often on how the reports have 
been written and what they contain. 


The Department first came into being in 1892. 


Their work is chiefly to check all ship reports 
received from ports at home and abroad on 
surveys respecting classification with Lloyd’s 
Register to ensure that the Committee’s instrue- 
tions, as set forth in the General Regulations 
and Rules for ship construction, special and 
other surveys, damages, repairs, alterations, etc., 
have been fully complied with and to prepare 
an “endorsement” for attachment to each report 
for submission to the Classing Committee. 


An “Endorsement” is really a précis of the 
Surveyor’s report containing the reason for the 
survey and a succinct summary of any repairs 
that have been required and to show the cause 
or causes of such repairs; and also to bring out 
clearly any exceptional features in connection 
with the case so that the Classing Committee 
may have all salient points presented to them. 
It also includes a note of the previous conditions 
of class—if any, and all other relevant matter 
and concludes with the Department’s recom- 
mendation to the Classing Committee of action 
to be taken and any new records considered 
worthy of assignment in the Register Book, also 
with the Conditions and/or Endorsements of 
Class—if any, to be carried forward and for 
guidance in preparing the S.R.L. At the foot 
of the endorsement, queries or conclusions are 
added, if necessary, in connection with points 
about which a report is not clear. Generally 
speaking the recommendation is merely a con- 
firmation of that on the report. So you will 
understand how much is dependent on the 
information furnished to enable a_ suitable 
endorsement to be prepared without having to 
make enquiries either before or after classing. 


From these remarks it is not to be thought 
that the Committee do not read Surveyors’ 


reports for on occasions they may have to and 
frequently do, but since they have to handle a 
weekly average number of over 500 new eases 
you can understand the need for summarising 
reports before submission for their considera- 
tion. 


The Reports’ Department have nothing to do 
with Freeboard Reports which are dealt with 
by another and separate group of Ship Sur- 
veyors in what is known as the “Freeboard 
Department” which is accommodated in a build- 
ing nearby but not directly attached to 71 
Fenchurch Street. This is mentioned since it is 
believed there is an impression in some quarters 
that Freeboard Reports are equally to hand for 
classification purposes and it has been used as a 
reason for not furnishing a Report 8 on matters 
affecting classification as well as freeboard. All 
items therefore surveyed for freeboard and 
affecting classification should also be reported 
on a Report 8. 


‘Any reports in which are noted damages, 
defects, repairs or alterations of special interest 
to the Chief Ship Surveyor or his Research 
Department are marked for his or their atten- 
tion and passed on. The importance therefore 
of Surveyors furnishing information about 
repairs to structural weaknesses found or 
suspected on ships in service cannot be over- 
emphasised if proper revision of our Rules is to 
be effected and similar defects are to be obviated 
in future ships. Thus from the accumulated ex- 
perience of about 10,000 ships the reliability 
of our Rules is built up. 


You will appreciate, therefore, the importance 
of the Reports’ Department at Headquarters 
but it cannot fulfil its purpose efficiently unless 
the information on the Reports is full and in 
the language of the Rules. Colloquialism and 
abbreviations are known to most of us but not 
all and should therefore be avoided. 


The Reports Department is also an inter- 
mediary between the Surveyors in the outports 
and our colleagues on the clerical side from 
whom most helpful co-operation is always 
received, 


Into the Department come First - Entry 
Reports from the D.O. Department and Reports 
8 from “H” Department via “S” Department 
and after attention they are returned to “S” 
Department via the Engine Reports Depart- 
ment if there are also machinery reports to be 
dealt with. 


The Reports are all listed and dated by “S” 
Department so that they can be dealt with in 
sequence and easily traced should a report be 
required to be withdrawn for any reason as so 
frequently happens. 


Reports on Annual, Special or Damage Sur- 
veys, etc., are not separated in any way and are 
ordinarily taken in their order on the lists for 
checking and endorsing. If there are any 
“deferred” reports in the ease these are attached 
to the report to be considered, for necessary 
information with regard to the immediate past 
history of the ship. If further information is 
required this has to be obtained from the files in 
the basement, introducing a time lag we would 
rather do without. 


Some reports are easily handled but some are 
more difficult and this is mostly due to the way 
Surveyors supply the information required by 
the Committee. Reasons might be advanced for 
some of the obscurity submitted but not for all 
of it. Even so, we try to extract the substance 
from all reports although not always success- 
fully, in which cases enquiries have to be made 
from the Surveyors concerned. It should be 
noted here that it does not give any pleasure 
to be querying items on reports, and you can 
rest assured it is done only when there is un- 
certainty of an interpretation or an omission. 
And let it be added that it is hoped that such 
enquiries will be for a guide to our colleagues 
in future similar occasions. From our point of 
view it is always a pleasure to receive a well 
laid out report and it can be said that there are 

“many in this eategory from different parts of 
the world but, as has already been observed, 
there are also the many exceptions and for them 
especially it is hoped these notes will be of some 
service, 


When writing reports it should perhaps be 
borne in mind that after passing the Committee 


they become records for all time, are normally 
available for the use of colleagues in the U.K. 
and near Continent and Owners on request, and 
also at any time may be required to be produced 
in a court of law or at an official inquiry, there- 
fore the great need for Lucidity and Accuracy. 


In writing reports it should also be borne in 
mind that since they may later be required for 
legal proceedings, remarks which are considered 
to be of a very confidential nature (e.g. those 
which might reflect unfavourably on the actions 
of Owners or their Staff) should not be ineluded 
in the report but should be sent to Head Office 
in the form of a letter. 


REPORT 8 


For the reporting of ship surveys there are 
two forms principally used—Report 1 (First 
Entry) and Report 8, but the report form pro- 
posed to be dealt with, as previously mentioned, 
is the one most commonly used, “Report 8”, in 
which are reported all surveys on hulls of ships 
whether wood, composite, iron or steel, which 
are already classed or having been classed, are 
submitted for Re-classification, that is to say, 
all Annual Surveys and Periodical Special and 
Reelassification Surveys, in part or in full, with 
or without repairs, also all surveys of repairs 
whether due to wear and tear or damage or any 
other cause. 


It has often been mooted that this form is 
somewhat antiquated, cumbersome, and so on, 
yet it has stood—and withstood—the test of many 
years with but an amendment here and there. 
Ships have changed, our Rules have changed, 
Surveyors have changed but this Form “Report 
8” remains to remind us that tradition in Lloyd’s 
Register dies hard. It is felt, however, that 
improvements could be and, it is hoped, will be 
effected sometime soon although for the general 
purposes for which it was designed it is recog- 
nised it has served and still serves its purpose 
well. 


The blanks at the head of the Reports do not 
appear to present difficulties but how many 
have digested the instructions which are printed 
immediately below this section. No apology is 
offered for repeating them here :— 


“(Periodical Surveys, when held, must be 
reported in detail and seriatim in the terms 
of the Rules and items remaining to complete 
the surveys should be summarised. State 
clearly the cause of Repairs, if any, and, in 
detail, the nature and extent of Examinations 
and subsequent repairs. Repairs on account 
of Damage (the cause of which must be 
stated) should be separated from Repairs due 
to other causes; and besides being detailed in 
the body of the report, should be summarised 
in the form shown below. Whenever the 
replacement of Anchors or Chains is reported 
the particulars should be clearly stated in the 
space provided on the back of this form. 
State also the dates and initials of any letters 
respecting this case)”. 


And now let Mr. R. J. Sladden, Clerk to the 
Classification Committee, be quoted in his refer- 
ence to these instructions :— 


“There is an underlying reason, of course, 
for every instruction. The Committee ask for 
surveys to be reported “in detail and seriatim 
in the terms of the Rules” both to facilitate 
Head Office checking and to provide a per- 
manent record that each Rule requirement 
has in fact been complied with. They want 
the cause of any damage to be stated to 
enable the Chief Surveyors to note the effect 
of certain damages, particularly that of heavy 
weather, on certain types of ships. They 
want damage repairs to be separated from 
those due to wear and tear so as to be in a 
position to help when Owners and Under- 
writers are unable to settle claim adjustments 
between themselves, and they want outstand- 
ing items of survey tabulated so that, after 
checking, Owners may be advised of what 
remains to be done to complete a survey”. 


To the right of the foregoing is a grid in 
which must be inserted precisely as given in the 
Register Book and Supplements, Particulars of 
Classification. These particulars should include 
(a) the ship’s class, e.g. *4L00A1 or 100A1 with 
docking date and also, where applicable, (b) 
qualifications of class, e.g. “With Freeboard” 
or “Carrying Petroleum in Bulk” or “For 
Towing Services”, ete., (¢) all records of Special 


Survey, eg. “ssLon.—9,54” and “ssLon.—9,50 
(Dr)’, (d) Classed or Reclassed, with date, (e) 
Service limits, e.g. “For River or Harbour 
Services” or “For Service between all European 
or Black Sea ports”, ete., (f) “Fitted for oil 
fuel F.P. above 150°F.”, (g) eg. “Carrying oil 
F.P. above 150°F. or vegetable oil in deep tank 
aft”, (h) “Cargo Battens Not Fitted”, (i) “Elee. 
welded” or “pt. Elec. welded”, (j) “Class 
suspended—Surveys overdue”, ete. 


The reasons for the Surveys, e.g. Annual or 
Special Survey, Alterations, Damages, etc., 
should be given as titles after “Repairs or 
Examination as per Rule for... .” before 
proceeding with the filling in of the body of 
the Report, which should clearly and in a 
measure of detail state the parts of a ship 
surveyed, the repairs effected or deferred and 
other items of interest for the Committee 
regarding Classification. 


In the case of Annual or Special Surveys, 
or General Examinations (e.g. Cireular No. 
1959) in full or in part, the condition of the. 
parts examined should be noted in the space 
headed by “Present condition of the”. 


When repairs on account of Damage have 
been effected the “Summary of Damage Repairs” 
should always be completed. 


The value of the information contained in 
these two last-mentioned spaces may not be 
apparent to our colleagues in the Outports but 
to us, in London Office it is of much value and 
continually used. The Committee, too, obtain, 
at a glance, a good idea of (a) the magnitude 
of a damage or (b) the condition of a ship after 
survey. 


The instructions printed underneath “General 
Observations, ete.,” are apparently clear to most 
Surveyors but for the sake of those not quite . 
so familiar with our ways examples are 
appended at the foot of the sample reports at 
the end of this paper. A few points of note, 
however, are worth adding here :— 


(a) “Record of Survey” should read “Reeord 
of Docking”. 


(b) New Conditions of Class should be as 
abridged as possible but not omitted and where 
previous conditions of class may exist these do 
not require to be repeated but should be covered 
by means of the following phrase: “and also 
subject to all other conditions at present 
attached to the ship’s class being dealt with as 
previously recommended”. No objection to this 
is taken at Head Office. 


(ec) The words “first opportunity”, “first con- 
venient opportunity”, “earliest opportunity” 
and the like should be avoided in favour of a 
more definite time limit such as “next dry 
docking”, “next Special Survey”, etc., depend- 
ing on the nature of the defects. Blemishes 
(See Cireular No. 1895) should not be noted as 
a Condition of Class but as an Endorsement of 
Class (B). 


(d) The recommendation on Report 8 must 
be exactly the same as that on the correspond- 
ing “Interim Certificate”. 


SPECIAL SURVEYS 


For Annual or Special Surveys it is regretted 
there are no “Question and Answer” forms 
which would help many of our colleagues, who 
have not been brought up in our ways, especi- 
ally those in ports abroad and small ports at 
home. It would make it much easier, too, for us 
in London Office. Apparently such arrange- 
ments are not possible meantime but there is 
hope they will materialise eventually. 


Since, therefore, we have still to consider 
Reports 8 as they are, appended are suggested 
arrangements for reporting in the body of the 
Report, Special Surveys on a cargo ship and 
on a tanker. The sequence of items mentioned 
is so arranged to follow the order of a form 
used in London Office for checking such 
Reports. They are designed for Periodical 
Special Surveys (D) but, it is thought, can be 
adapted readily for Special Surveys (A), (B) 
or (C). 


Since there have been many enquiries as to 
the sequence of Special Surveys it may be 
appropriate to add here that in a ship’s normal 


life the Special Surveys are (A) when four 
years’ old, (B) eight years, (C) 12, 16 and 20 
years, (D) 24 and every 12 years thereafter, 
and (C) again always in the remaining inter- 
vening four-year periods except in the case of 
petroleum tankers where a (D) Survey is called 
for at the first Special Survey when this type 
of ship is about 12 years old and at every 
eight years thereafter. And in this connection 
attention should be drawn to the Rules where it 
should be noted that the affix letters (Dr) after 
an s.s. notation are normally assigned when the 
ship is about 24 years old and every 12 years 
thereafter, 12 years and every 8 years there- 
after in the case of tankers. 


Another question frequently asked is “where 
in the vicinity of the peaks should the shell 
plating be drilled for gauging thicknesses at a 
Special Survey (D)?” No specific instruction 
for this ean be found but it is generally carried 
out in the first or second frame space aft of the 
F.P. bulkhead and forward of the A.P. bulk- 
head respectively. 


Where the midship shell plating is in way of 
a coal or O.F. bunker, we expect the drill tests 
to be taken clear of these spaces, since it is an 
idea of the general condition of the ship which 
is looked for at the (D) Special Survey periods 
rather than of particular parts. 


Although the minimum number of holes to be 
drilled is defined in the Rules, the Surveyors 
are to require drilling to be carried out to a 
further extent in any part of a ship where they 
may consider it necessary, and this Would in- 
elude bunkers. (See Rules for Periodical 
Special Surveys (A) and (D)). 


If, during the process of a survey, there is 
reason to believe that the scantlings of the ship 
at any part are seriously reduced, the Surveyors 
are immediately to report the facts by cable or 
letter to the Committee whilst the ship is still 
under survey. 


It is an advantage to us in the Reports 
Department if the Surveyors report the thick- 
nesses of shell plating gauged (a) in hundredths 
or decimals of an inch, (b) in the sequence 


Amidship, Forward and Aft, and (¢) com- 
mencing at the top with the Bridge, Forecastle 
and Poop sheerstrakes and working down to 
the keel in each of the three Sections. 


Where cement is laid on bottom shell plating, 
found adhering satisfactorily and drilling of 
shell plating in this part considered unneces- 
sary, this should be stated on the Report. 


Where there is no cement laid on bottom, shell 
plating to be drilled, gauged and reported. 


When reporting ballast tanks, Surveyors 
should generally follow the lead given them in 
the Register Book. This is mentioned since 
Surveyors often use their own terms in 
describing such tanks in their reports, sometimes 
to the confusion of those checking. 


ANNUAL SURVEYS 


Where this Survey coincides with an Annual 
Freeboard Survey, it is expected to be fully 
reported on Report 8, since Freeboard items are 
also Classification items and Report 8 is the 
Classification Report form. 


A suggested arrangement for an Annual 
Survey is attached at the end of this paper. 


The docking date is that when the ship was 
last examined in dry dock, floating dock or 
slipway. 


The space “Present condition of the” to be 
filled in as far as applicable and the phrase 
“Survey confined to above” not to be used. 


ALTERATIONS 


When there are alterations affecting items of 
structural strength these should be carried 
through in accordance with plans approved 
beforehand. Lack of this precaution has been 
the means of causing unnecessary inconvenience 
and annoyance to shipowners and embarrass- 
ment to Surveyors and the Society. Such 
plans, too, should always accompany the Report 
and a remark to this effect made on the Report. 


The notation “Fitted for oil fuel, F.P. above 
150°F.” applies only to steamers with boilers 


arranged for burning oil fuel—not to motor- 
ships. 


“Oil fuel” is the term used for oil as fuel to 
give motive power on a ship, “Fuel oil” is the 
term used for oil carried as cargo. 


Proposed alterations or additions to the 
Register Book necessitated by alterations to the 
ship should be noted on the Report. 


DAMAGES ON CLASSED SHIPS 


Damage Surveys and reports (Report 10) are 
quite distinct from Surveys and reports (Report 
8) for the purpose of classification and whereas 
the former report may include items not affect- 
ing classification, the latter is required to have 
only items affecting classification recorded. 


Whether the Surveyors number damaged shell 
plates from forward or aft and alphabetically 
or first below sheer, ete., transversely it would 
be of great assistance to us here if a simple 
reference as to location of damage were also 
made at the beginning of the report immediately 
after the cause of damage, e.g. “The damage is 
confined to the fore end of No. 2 hold. vort 
side” or “.... in ‘tween decks abreast No. 2 
hatehway”, ete., since there are only a few cases 
with copies of the shell expansion plan in our 
records. 


And please do not forget to indicate whether 
plates, ete., and cargo tanks in tankers are 
numbered from forward or aft and whether port 
or starboard. It is surprising how often these 
simple necessities are omitted in reports. 

When a Damage Report is issued, a ¢opy 
should accompany the corresponding Report 8. 

If an Interim Certificate (not to be called 
“Seaworthy” Certificate) is issued, a copy also 
to be forwarded with Report 8. 


In both the foregoing cases, a note to be 
added in the Report 8 


“Damage Certificate issued—copy attached” 
“Interim Certificate issued—copy attached” 


and if repairs have been arranged for at another 
port a copy of each should be forwarded to the 


Surveyors who may be concerned and a note also 
added to Report 8 “ ? Surveyors advised”. 


Since the Special Reasons List (S.R.L.) is a 
publication for the private use of the Surveyors 
only, there should be no reference to this list 
in reports or certificates; items therein should 
be referred to as “conditions attached to the 
ship’s class”. 


Reports and Interim Certificates should only 
be furnished for surveys carried out by the 
Surveyor(s) signing them. 


ANCHORS AND CHAIN CABLES 


Anchors and chain eables, when ranged, 
should be examined and reported in the appro- 
priate space on Report 8. 


When new anchors or chain cables are 
supplied they should be verified with the corres- 
ponding test certificates and the particulars of 
tests, ete., recorded in the appropriate spaces 
on the back of Report 8. The Certificates 


should be suitably endorsed after verification. 


In cases where test certificates are not to hand 
when new or retested anchors or chain cables 
are supplied, the test marks on equipment 
should be noted and reported in the body of the 
report. 


Where chain cables are later supplied of a 
size different from that originally placed on 
board and for which the windlass was designed, 
a note should be added in the body of the Report 
advising that the new chain cable has been seen 
working over the windlass cable lifters and 
found satisfactory. 


The Surveyors should see that the equipment 
supplied is in acordance with Rule require- 
ments. 


Mean diameter of a length of chain cable is 
the mean of the diameters of the major and 
minor axes of the cable at the most worn part. 


Chain cable found reduced in mean diameter 
below minimum Rule requirements should be 
disconnected and removed from the ship. 


The weight of an anchor “ex stock” means 
“excluding stock”. 


If a bower anchor is lost and replaced by 
one of less weight than given in the Rules, Table 
53, the Surveyors should state whether the 
collective weight of the three bower anchors on 
board is in accordance with Rule requirements. 


Reasons for the replacement of anchors and 
chain cables should be reported for our record 
purposes. 


Weights and tests of new replace anchors and 
chain cables are given in Sections 11 and 13 of 
Rules for Quality and Testing of Materials. 


When a ship loses, say, the port bower anchor 
with most of the chain cable attached thereto 
and no replace equipment is available we expect 
to read in the report of such a casualty that 
temporary arrangements have been rigged for 
using the spare bower anchor in case of emer- 
gency and advised when and where replacements 
will be provided. 


Should, for any reason, a ship be left with 
only one bower anchor on board, instructions 
should be requested from Head Office before 
any certificate is issued. 


Temporary anchoring arrangements should 
also be reported in the case of a casualty to 
hawse pipes or windlass. 


In a Reclassification, Surveyors to report 
verification of anchors and chain cables or state 
they are satisfied equipment is in accordance 
with Rule requirements for the ship’s equipment 
letter in which latter case the length and 
original and mean diameters of the chain cable 
together with number, weights and types of 
anchors should be furnished while the ship is 
still under survey. 


Anchors and chain eables for ships of British 
Registry require to be tested at a Licensed 
Proving House in Great Britain in accordance 
with the Anchors and Chain Cables Act 1899. 


GROUNDINGS 


Since some doubt exists in many minds as to 
what should be reported when a ship is exam- 
ined afloat after alleged grounding, it should be 
stated it is expected the report will indicate that 


the Surveyors have :— 


(1) Sounded the ship throughout in an approx- 
imately upright position, with no pumping 


operations between soundings; 


(2) Where practicable, examined the bilges 
throughout and the tanks internally if con- 


sidered necessary ; 


(3) Made comparisons with previously recorded 
soundings, with the same conditions of trim 
and degree of list, no pumping operations 


in the interval having been carried out; 


(4) Tried the steermg and pumping arrange- 
ments and, if the ship has grounded on 
sand, found the main engines, condenser 
and circulating system in good working 


order; 


(5) 


Furnished a report from the diver if one 
has been engaged ; 


(6) If no apparent leakage or damage has been 
found, made arrangements for the ship to 
be specially examined next dry docking 


and recommended accordingly; 


(7) If damage has been found, arranged for 
temporary or permanent repairs as con- 
sidered necessary by them and_ recom- 


mended acordingly. 


MISCELLANEOUS 


Judging from some reports the words “Main 
deck” have different meanings and for this 
reason it would save a little uncertainty at times 
if Surveyors would hold to the expressions in 
the Register Book, ic. Upper deck, Weather 
deck, Shelter deck, 2nd deck, ete. 


There is equally confusion in some minds as 
to the positions of cargo battens and ceiling. 
Cargo battens are generally on the ship’s sides 
and ceiling over open floors or on tank tops or 
tunnels. 


It is surprising, too, the number of Surveyors 
who refer to “lower” holds in ordinary cargo 
ships where there are only holds and ’tween 
decks. 
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A Report 8 is not required when tanks have 
been examined and tested only for a Loading 
Port Certificate for the carriage of oil as cargo 
unless a Special Survey is under way or due or 
the Owners specially desire such testing to be 
accepted as part of a Special Survey. Enquiry 
should be made of the Owners’ representatives 
on this point, near the due date of a Special 
Survey or in all cases where an extended 
Special Survey has been approved by the Com- 
mittee. 


When sending plans with Reports to London 
Office it would save much time here if the Sur- 
veyors would fold them 11 in. x 9 in. and in- 
dicate clearly on the back of each plan the name 
of the ship with the remark “To accompany 
(name of port) Report No. ......... 3 


CONCLUSION 


The foregoing notes have been written around 
the commoner defects appearing on Report 8. 
Much more could be written but it is felt suffi- 
cient has been brought to the Surveyors’ atten- 
tion to encourage them to take this opportunity 
of airing their queries on points about which 
they may have difficulties. It is hoped they 
will take advantage of this opened door, 


It is hoped, also, it will be understood that 
remarks in this paper which might appear or 
infer unkindly criticism have not been written 
in this frame of mind but rather to help our 
colleagues to appreciate their importance in the 
scheme of things going on around 71 Fenchurch 
Street and to let them know how much we 
depend on them for a right lead in the prepara- 
tion of our work for the Committee of Lloyd’s 
Register of Shipping. 


It should be expressed, too, that all the fore- 
going unquoted notes are not necessarily per- 
sonal opinions, being rather in keeping with 
the present requirements and procedure in 
operation in London Office. 


And let it be added it is expected that, as a 
result of this humble effort, some degree of uni- 
formity in reporting from our colleagues—at 
home and abroad—may be obtained eventually. 
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REPORT ON PERIODICAL SPECIAL SURVEY (D) 
OF SHIPS—(NOT TANKERS) 


Recommended arrangement when reporting 
periodical Special Surveys or part thereof for 
ordinary ships : 


PERIODICAL SPECIAL SURVEY (D) 


Due (give date). Ship years old. 


NOW DONE 


Ship placed in dry dock. Shell plating, stern- 
frame and rudder cleaned, examined and coated. 
Ship undocked (give date). 


EXAMINED 


All holds, "tween decks, fore and after peak 
spaces, coal bunkers, engine and boiler spaces, 
under engines and boilers, ash shoots, plating 
in way of ash shoots and sidelights, overboard 
scuppers and discharge pipes, decks with 
machinery and other casings, superstructures, 
skylights and companionways, hatchways, 
covers, supports, tarpaulins, cleats, and batten- 
ing arrangements, anchors, chain cables, chain 
locker, masts (wedges removed), rigging, steer- 
ing gear, auxiliary steering gear, windlass, 
general equipment, pumps, W.T. doors, ventila- 
tor coamings and covers, air and sounding pipes 
(striking plates fitted) and cargo battens. 
Freeboard verified. 


Shell plating and plating of strength decks 


drilled and gauged, list of thicknesses previously 
submitted and approved—see London letter 
(give date). 


EXAMINED (internally) & TESTED 


Fore and after peak tanks, all double bottom 
tanks, O.F. bunkers and seitling tanks, all deep 
tanks, tunnel side tanks and F.W. tanks in 
*tween decks. 

All spaces previously cleared, ceiling, lining, 
cement and rust removed and spaces cleaned as 
required. Steelwork afterwards coated as 
necessary and ceiling, lining and cement re- 
placed. 

(Items on special types of ships may be added 
to foregoing.) 


RECOMMENDATION 


It is submitted this ship is eligible to remain as 
classed, with record of docking 9,54 and to have 
the Notation of “ssVer.—9,54(Dr)”. 


PLEASE NOTE 


The foregoing arrangements to be modified as 
necessary if only a Special Survey (A), (B) or 
(C) is held. 

The Principal or a Senior Surveyor of the Port 
should attend on this Survey (D) and sign the 
Report. See also Cireular No. 1912. 


REPORT ON PERIODICAL SPECIAL SURVEY (D) 
OF SHIPS—(TANKERS) 


Recommended arrangement when reporting 
periodical Special Surveys or part thereof for 
tankers. 


PERIODICAL SPECIAL SURVEY (D) 


Due (give date). Ship years old. 


NOW DONE 


Ship placed in dry dock (or floating dock or 
slipway). Shell plating, sternframe and rudder 
cleaned, examined and coated. Ship undocked 


(give date). 


EXAMINED 


Holds, ‘tween decks, fore and after peak 
spaces, coal bunkers, engine and boiler spaces, 
under engines and boilers, pump room, ash 
shoots, plating in way of ash shoots, sidelights, 
overboard scuppers and discharge pipes, cargo 
suction pipe strums (strums removed), decks 
with machinery and other casings, superstruc- 
tures, skylights and companionways, hatchways, 
covers, supports, tarpaulins, cleats and batten- 
ing arrangements, anchors, chain cables, chain 
locker, masts (wedges removed), rigging, steer- 
ing gear, auxiliary steering gear, windlass, 


general equipment, pumps, W.T. doors, ventila- 
tor coamings and covers, and air and sounding 
pipes (striking plates fitted). 

Freeboard verified. 


Shell plating and plating of strength decks, 
drilled and gauged, list of thicknesses attached 
or previously submitted and approved—see 
London letter (give date). 


EXAMINED (internally) & TESTED 


Fore and after peak tanks, oil fuel bunkers 
and settling tanks, deep tanks, all double bottom 
tanks, main cargo tanks, summer tanks and 
cofferdams. 


All parts surveyed, found or placed in good 
condition. 

All spaces previously cleared, lining, cement 
and rust removed and spaces cleaned as re- 


quired. Steelwork afterwards coated as neces- 
sary and ceiling, lining and cement replaced. 
(Items on special types of tankers may be 
added to the foregoing.) 


RECOMMENDATION 


This tanker, in my (or our) opinion, is eligible 
to remain as classed with record of docking 
(month and year), eg. 9,54 and to have the 
notation of “ss. (port)—(month, year) (Dr.)”, 
e.g. ssLon.—9,54(Dr.). 


PLEASE NOTE 


The foregoing arrangements to be modified as 
necessary, if only a Special Survey (A), (B) or 
(C) is held. 

The Principal or a Senior Surveyor of the 
Port should also attend on this Survey (D) and 
sign the Report. See also Cireular No. 1912. 


CONTINUATION OF RECOMMENDED ARRANGEMENTS 
OF SPECIAL SURVEY REPORTS 


REPAIRS: WEAR AND TEAR: 
NOW DONE 


Particulars of repairs affecting Classification 
only. 


DEFERRED 


Particulars of repairs affecting Classification 

only (if any). 
TO COMPLETE SPECIAL SURVEY 

(if Survey incomplete). 

TO BE EXAMINED 

Enumerate items, if any. 
TO BE TESTED 

Enumerate items, if any. 
REPAIRS DEFERRED (if any). 
Owners state the Special Survey will be com- 
pleted (state when). 


ALTERATIONS 
If any, give particulars. 
CONDITIONS OF CLASS 
If any, affecting the ship’s class (see S.R.L.). 


NOW DONE 
Enumerate items, if any. 

DEFERRED 
Enumerate items, if any. 
Interim Certificate issued—copy attached. 
When Special Surveys have not been completed 
the Surveyors should enumerate the outstanding 
items required to complete the Survey if pos- 
sible except in cases where a very small part 
of the Survey has been dealt with, when it 
should be stated “All Rule requirements to be 
dealt with except as above.” 

REPORT ON ANNUAL SURVEY 


Recommended arrangement when reporting an 
Annual Survey. 
NOW DONE 
Ship placed in dry dock (or floating dock or 
slipway), shell plating, sternframe and rudder 
cleaned, examined and coated. Ship undocked 
(give date). 


EXAMINED 


Weather decks, hatchways with their closing 
and securing appliances, ventilators and other 


deck openings, casings and superstructure bulk- CONDITIONS OF CLASS (if any (see S.R.L.)). 
heads with their closing appliances, windlass, Now done: Enumerate items, if any. 


general equipment, cargo and coaling doors, ash ; a : ' 
my poe i eee nT Deferred: Enumerate items, if any. 
shoots and other openings in shell with their 

securing appliances, main and auxiliary steer- 
ing arrangements, Nos. 1 and 3 holds and ’tween 


decks. 


ALTERATIONS (if any, affecting Classification). 


(Additional items examined to be added to the INTERIM CERTIFICATE = (issued, copy attached), 


foregoing list.) 


Annual Load Line Survey now carried out. RECOMMENDATION 
All parts surveyed found or placed in good con- This ship, so far as now surveyed, is eligible in 
dition. my (our) opinion to remain as classed with 


record of docking (month, year, e.g., 9,54) sub- 
ject to any new recommendations and to all 
conditions at present attached to the ship’s 
Now done: Enumerate items, if any. class being dealt with as previously recom- 
Deferred: Enumerate items, if any. mended. 


REPAIRS, WEAR AND TEAR 


(if any, affecting classification). 


PRINTED BY LLOYD’s REGISTER OF SHIPPING 
AT GARRETT House 
Manor Royat, CRAWLEY, Sussex, ENGLAND 


OCTOBER, 1954. 


PRIVATE AND CONFIDENTIAL 
aoe ee 


LLOYD'S REGISTER STAFF ASSOCIATION 


SESSION 1954-55 
PAPER No. 2 


RECENT DEVELOPMENTS IN 
CARGO SHIP DESIGN 


By 


H. J. ADAMS 


LLOYDS REGISTER OF SHIPPING, 
71, Fenchurch Street, 
LONDON, E.C.8. 


The Author of this paper retains the right of subsequent 
publication, subject to the sanction of the Committee 
of Lloyd’s Register. Any opinions expressed and 
statements made in this paper and in the subsequent 


discussion are those of the individuals 


RECENT DEVELOPMENTS IN CARGO 
SHIP DESIGN 


By H. J. ADAMS 


instructions covering classes and types of 

ship as well as individual ships have been 
issued to Surveyors. These include stiffening 
of the bottoms of all welded ships, strapping of 
T.2 tankers and deck alterations to Liberty and 
other all-welded vessels. 


I: recent years a considerable number of 


Some deck fractures of Liberty ships showed 
themselves very early in their life and were 
dealt with by the alteration of details. In 
some cases strapping was effected. Corrugated 
bottoms showed up later and were dealt with 
almost at once, but recently circumstances have 
onee again drawn attention to the deck failures 
and further alterations have been required, 


There have been considerable modifications 
recently in cargo ship design, both as regards 
detail and as regards overall design and speed. 
Experience has shown that some of these modifi- 
cations were unsatisfactory and they have been 
amended. Particularly in the case of the 
American war-built vessels, design details were 
simplified, extensive welding was incorporated 
and troubles were experienced. 


Alterations required naturally divided them- 
selves into two classes— 


(a) Alterations to existing ships, 


(b) Alterations in the Rules to apply to new 
construction. 


These latter have sometimes been considered so 
urgent that they have been applied forthwith 
without the usual interim period of six months. 
In some eases Surveyors, by discussion with the 
shipbuilders, have even sueceeded in making 
them retrospective. 


It should be made clear that the alterations 
in the Rules referred to do not apply to the 
recent complete recasting of the Rules, but to 
further alterations made as a result of experi- 
ence. 

It is hoped that the following notes will assist 
in keeping the Outport Surveyor up-to-date 
with, or at least not too far behind, the present 
position. Development is rapid, and it is 
certain that in a very few years further experi- 
enee again will result in further changes. 

During the war years methods of ship con- 
struction changed enormously by the incorpora- 
tion of welding. This was particularly so firstly 
in America, where speed of output and shortage 
of skilled shipbuilding labour was the reason, 
and secondly in Seandinavia, where weight 
saving and the other alleged advantages of 
welding were involved. British shipbuilders 
were in a more fortunate position as regards 
labour and incorporated welding more gradu- 
ally, but in recent years its scope has been 
extended. 

This welding is undoubtedly the greatest 
major change in shipbuilding technique in this 
century, and it has developed its own problems. 
Only experience could ensure that the correct 
methods were being employed, and in some 
respects this experience has been rather dearly 
bought. In view of the immense tonnage built 
in recent years, particularly during the war, it 
may be that on a statistical basis casualty rates 
have not been excessive, but severe fractures 
in new or relatively new vessels and fractures 
occurring in harbour have caused grave 
coneern. Whilst statistics are dangerous, it is 
necessary to produce some here to justify the 
steps which have been taken. 


American-Built Vessels 
These were generally of the following 
types: 
Cargo: K-C-2 (Liberty ships) 
V-C-2 (Victory ships), and the 
various 
C type vessels 
Tanker : T-2 class 

Details of design varied with the different 
Yards, the relative proportions of welding and 
riveting depending on the facilities, Very com- 
plete statistics exist for the American-built 
vessels, particulary the Liberty ships, but 
statistics for vessels built in other countries are 
much less comprehensive. 

It is first necessary to define generally an all- 
welded ship. Most vessels now have welded 
butts and for our purpose an all-welded vessel 
may be classified as one with welded shell and 
deck seams and welded stringer to sheerstrake 
connection, all the above situated within the half 
length amidships. 

Type of casualty must also be defined, and the 
categories-used by the United States Ship Strue- 
ture Committee are considered satisfactory. 
These are : 

Group 1 Casualty : A vessel having one or more 
fractures which have weakened the hull so 
that the vessel is lost or in danger. 

Group 2 Casualty: Fractures involving main 
structure but not of sufficient extent to 
endanger the vessel. 

Group 3 Casualty: Minor fractures in  bulk- 
heads, ete. 


Liberty Ships 
In 1220 all welded Liberty ships as originally 

designed there were 88 Group 1 fractures and 
408 of Group 2. Seven vessels broke in two and 
in 14 cases the entire deck fractured without the 
vessel completely separating into two parts. 
Modifications were carried out on these vessels 
at an early stage and the ship years of service 
in the original form were 2,100, that is, nearly 
two years for each ship. Caleulated on this basis, 
therefore, the casualties were, per 100 ship years 
of service : 

Group 1: 4°17 per cent. 

Group 2: 19:4 per cent. 


These high figures rightly resulted in careful 
investigations, and finally in modifications. — It 
is not possible to split up completely the relative 
value of the various modifications which con- 
sisted generally of 

(a) Improvement of hatch corners. 

(b) Alterations to bulwarks. 

(c) Fitting of erack arresters, 
It has, however, been calculated that as a result 
of the alterations (a) and (b) above, the casual- 
ties fell to: 

Group 1: 


Group 2: 3°61 per cent. 


‘54 per cent. 


Following the fitting of erack arresters there 
was a further drop to *46 per cent. and 2°58 
per cent. respectively. 

The effect of the improvement in details is 
marked, but it will be noted that the fitting of 
crack arresters apparently had no great effect 
in further lowering the casualties. These crack 
arresters should, however, be viewed from a 
shghtly different standpoint. Of the seven 
Liberty ships which broke in two none had a 
erack arrester in any form. 

Of the cases which fractured before crack 
arresters were fitted, in 81 of these a fracture 
in the deck was accompanied by and connected 
to a fracture in the sheerstrake, the welded con- 
nection forming no barrier. After crack 
arresters were fitted, in 20 cases fractures were 
halted at this point and in only one case did a 
fracture cross a strap and flame-cut, It is there- 
fore evident that while fitting of crack arresters 
might not prevent a Group 1 fracture, it may 
have prevented a further extension of this frac- 
ture which could result in the vessel breaking 
in two. The relatively small drop in pereentage 
casualties assigned to the fitting of erack arres- 
ters, therefore, gives a false picture and the 
value of these is certainly much greater than 
these figures indicate. 

One group of Liberty’s, built at Bethlehem 
Fairfield’s, had welded deck seams and a welded 
gunwale but riveted side seams. No erack 
arresters of the flame-cut type were fitted in 
these vessels. Hatch corner and other details 
required modification in the early vessels as was 


done for the all-welded ships. These partially 

riveted Bethlehem Fairfield vessels had the 

following casualty rates in the original form : 
Group 1: °30 per cent. 
Group 2: 5°15 per cent. 

while following the alterations to details these 

figures fell to "12 per cent. and 2°56 per cent. 

respectively, 

It will be noted that the incidence of failures 
in these Bethlehem Fairfield vessels which had 
riveted side shell seams was much less than in 
their all-welded sisters. The other details did 
not differ greatly and it is not clear whether the 
comparative freedom of these vessels was actu- 
ally due to the riveted side shell seams. If so, 
the mechanics of this matter are not easy to 
understand. 

British - operated Liberty’s (often  ealled 
“Sam” ships) had structural modifications made 
to the hatch corners, bulwark, ete., but in rela- 
tively few cases was a crack arrester fitted. 

It should be mentioned here that the erack 
arrester fitted to the all-welded Liberty ships 
consisted either of a riveted stringer angle or 
a flame-cut in the sheerstrake just below the deck 
covered by a plate strap double riveted on both 
sides of the flame-cut. These angles or straps 
extended over approximately the half length 
amidships. 

In the above-mentioned Sam vessels, in recent 
years, in spite of the structural modifications 
originally carried out, fractures in the deck 
have continued to oceur, but the vast majority 
could be elassified as Group 2. It must be 
remembered, however, that these vessels are in- 
creasing in age, corrosion is having its effect 

‘and a Group 2 fracture may easily extend in 
certain circumstances to produce a Group 1 
casualty. For this reason, and following the 
loss of the “Oklahoma”, of which mention is 
made later, the Committee recommended that 
certain structural modifications should be made 
in ex-Liberty ships classed with the Society. 
These consisted of (a) in the all-welded vessels 
the fitting of a riveted stringer angle or strap, 
(b) in the Bethlehem Fairfield types the fitting 
ot an under-deeck girder riveted to the shelter 


deck. 


With reference to the efficiency of the girder 
riveted to the deck as a erack arrester the 
following is of interest: 

KE. M. MacCutcheon, in a discussion on a 
paper on “Development of Cleavage Fractures 
in Mild Steel”, published in the Transactions of 
the American Society of Mechanical Engineers, 
quoted the following from records of ship per- 
formance : 


Crack Passed _, 
Crack Stopped 


Through 
Rivet hole 5 13 
Slotted 0 18 
Crack arresters as a whole 0 a8 


It is therefore clear that while the riveted girder 
is less efficient than the slot, it at least reduces 
the probability of fracture extending but not to 
the same degree as if a riveted stringer angle or 
strap with slot is fitted. 

‘Up to March 31st, 1953, in all Ameriean- 
built welded vessels including the T-2 tankers, 
there had been 250 Group 1 casualties. Seventy- 
seven of these had riveted erack arresters; 46 of 
the fractures were stopped by a crack arrester; 
25 did not reach a crack arrester; only six 
passed through, that is, started again at the 
other side, and three vessels broke in two, that 
is, two T-2 tankers and one Liberty ship. It is 
thought that this proves the value of érack 
arresters in general. 

Broadly speaking, the requirements for all 
types of vessel were as follows, although con- 
sideration was given to each individual ship : 

(1) Vessels with  all-welded construction 

except Victory type: crack arrester, 

(2) Vessels with all-welded deck and riveted 

side seams : riveted girder. 

(3) Vessels with riveted stringer angle or 

riveted deck seams : no alterations. 

It was generally confined to vessels over 380 ft. 
in length but a few smaller vessels were dealt 
with if the history was bad or stresses very high. 
In none of the cases of American war-built 
vessels was a definite increase of topside area 
considered necessary, but the fitting of a riveted 
stringer angle or strap did, in fact, slightly in- 
crease the topside area and thus reduce the 
stress. 


In actual practice the most popular method 
of fitting a crack arrester in the all-welded ships 
was by means of a flame-eut in the sheerstrake 
and a riveted strap. In a few eases a riveted 
strap fitted over a flame-eut in the st ringer plate 
has been employed. This closely follows the 
work which was done previously in a number 
of the original Liberty ships. 

liberty ships have been freely mentioned, but 
the reason for this is that the results have been 
extremely valuable in exploring the reasons for 
the troubles which occurred and have had con- 
siderable influence on later developments. 
Analysis of the published reports on these 
vessels indicates that about 25 per cent. of the 
fractures occurred at hatchways and about 10 
per cent. in way of the forward bridge corners. 


The V-C-2 (Victory) ships, which had greatly 
improved details compared with the original 
Liberty’s, have had an excellent history with 
regard to major casualties. On ship years of 
service Group 1 casualties are only +15 per 
cent, and Group 2 *74 per cent. For this reason 
stiffening was not made a general requirement 
for these ships. 


The record of structural performance of all 
types of standard welded ships is given in the 
following Table which is taken from the Third 
Report of the Ship Structures Committee of the 
United States of America. It will be noted that 
in all cases except the C-1-As, the introduction 
of some riveting improved the results as com- 
pared with the all-welded ship. 


Record of Structural Performance of Various Types of Welded Ships 
(from Start* to March 31, 1953) 


Type 


EC-2 (Liberty Ships) 


1. All-welded with original details 
2: All-welded with improved details .... aa “0 
33 All-welded, improved details and some riveting ... 
4. Riveted seams with original details : 
5. Riveted seams with improved details 
T-2 
Nh All-welded —... % ai 
2. All-welded with riveted straps 
VC-2 (Victory Ships) Pe ‘i 
Ci-M a... A, ne 
C1-A 


bs Riveted seams 
2: All-welded 


\ Riveted seams 
2. All-welded 


All-welded, Waterman type 


All-welded with some riveting, Waterman type a 


I 
2. 
3. All-welded, North Carolina type 
4 Riveted seams ... vn tb 


C-3 
1. Riveted seams ... 
2; All welded 
C-4 
I. All-welded key ae 
2. All-welded with riveted gunwale 


Group I Granme Groups 
Ship-years Group I casualties I a = land I 
of service casualties per 100 pps: Ities casualties per 
ship-vears Meret S | 300 ship-years 
2100 aS 418 408 19°45 
2600 4 O-D4 94 3°62 
7303 10 OSD 254 3°48 
330 1 O31 17 535 
1833 2 O11 66 3°60 
1483 28 1-89 97 653 
2064 25 1-2] 119 576 
2695 4 O15 20 O74 
1144 2 O17 2 O17 
120 0 0-00 8 6°67 
203 l O49 10 4°93 
510 7 1.37 29 5°69 
75 0 O00 7 9°33 
67 2 2°99 6 8°95 
188 2 1-06 15 7-98 
679 i O59 25 3°68 
887 t O45 32 3-61 
453 0 0-00 1 O88 
994 7 O70 63 6°34 
243 1 O41 10 4°12 
172 ] O58 3 147 
233 128 


* Records cover service performance from date at which first vessel of each group was placed in service. 


Canadian-Built Vessels 

A few of the Fort and Park type ships 
Inuilt by Marme Industries are all welded at 
the deck and a _ riveted girder has been 
recommended for these. Other Forts and Parks 
have riveted deck and side seams and do not 
require a crack arrester though some have pre- 
viously had deck girders fitted for other reasons. 


Scandinavian-Built Vessels 

While the majority of the following applies 
particularly to vessels built in Scandinavia and 
perhaps even more particularly to vessels built 
in Sweden, certain other countries have also 
constructed vessels to which it applies : 

The American-built standard ships were rela- 
tively slow vessels of pre-war design. Construe- 
tional times were short, inexperienced welding 
labour was employed, some of the steel was 
suspect (justly or otherwise) and it seemed clear 
that welding’ was the starting point of the 
failures. 

In Sweden, however, welding development 
was slower, and the implications of minor frac- 
tures were carefully studied while as soon as the 
reports were available the lessons of the Ameri- 
can Standard vessels were absorbed. In due 
course the dangers of hard spots, discontinuities 
and other welding faults were fully realised and 
designers aimed at avoiding these. A few 
serious fractures had occurred, but it was be- 
lieved that investigations had shown the reasons 
for these and steps were taken in future vessels 
to avoid recurrence. The loss of the “Oklahoma” 
was therefore a severe blow as it was thought 
that all the lessons learned from experience had 
been incorporated in her construction. 

Parallel with the introduction of welding the 
Scandinavians were developing modern designs 
of high speed. These modern cargo ship 
designs had long foreeastles and as a result of 
the speed, long engine rooms, fine lines and con- 
siderable flare forward developed in service 
greater hogging stresses than those incurred by 
older and slower designs. These stresses were 
not greatly in excess of older vessels except in a 
comparatively small number of eases but the 
limiting stress by any theoretical calculation is, 
as is well-known, empirical and it is only results 
which enable judgment as to whether they have 


passed an acceptable limit. In addition the un- 
known factor as regards stresses due to high 
speed was being brought in. The designed speed 
of “Oklahoma” was 19 knots and there are 
numerous other cargo vessels of similar speed. 
There is as yet no direet evidence that speed 
increases stress but it seems likely that, with a 
great reserve of power enabling a vessel to be 
pushed hard in bad weather, shock stresses may 
be developed which appear to be most dangerous 
in welded ships and with certain qualities of 
steel. 

As a result of stress caleulations a number of 
these fast fine vessels were found to have 
stresses which might be considered in excess of 
present practice. The ships were fully up to 
Rule requirements but the gradual evolution of 
new designs coupled with the increase in speed 
had inereased the service bending moments. 
While the majority of these vessels were Sean- 
dinavian-built this was not invariable. 

Each case was considered on its individual 
merits and where the stress was considered to 
be somewhat high additional area was recom- 
mended to be fitted to the upper deck in the 
form of doublings or under-deck girders in 
order to reduce the longitudinal stresses. Other 
minor modifications included in some cases the 
alteration of deck house corners where directly 
welded to the deck as this had proved the source 
of initiation of fractures while in a small num- 
ber of eases alteration of hatch corners was 
carried out. 

In addition to the above in all-welded post- 
war vessels over about 380 ft. in length the 
erack arrester was generally recommended in 
addition to the above increases in upper deck 
area while even if no additional deck area was 
required an arrester was recommended except 
in the case of a very few vessels in which the 
stresses were extremely low. 

It will be noted that the above are given as 
recommendations. They have not yet been made 
a condition of class but it is considered very 
advisable that they should be earried out as 
soon as possible and it may be necessary at 
some indeterminate time in the future to link 
the alterations with the elass maintenance of 
vessels. 


To complete the picture the following Table 
gives records of structural failure of welded 
vessels built since 1945 so far as is given by 
the Society’s records. 


New Vessels 

The above notes refer to existing ships or to 
those in the building stage in whieh recom- 
mendations on similar lines to the above were 
made where necessary. 

Turning to future construction it is evidently 
necessary to apply the lessons learnt. A panel 
was formed from the Technical Committee to 


Total Number affected we 


Total Number of Incidents (Minor and Majo 


SHIPS AFFECTED 
LENGTH AND TYPE OF SHIP 
E.W. 


Pt.E.W.) Riv. 


0-400 ft. in Length 


No. of DRY CARGO SHIPS 24 12 8 
Q) 
No. of TANKERS 1 I — 


400-500 ft. in Length 


No. of DRY CARGO SHIPS 32 26 15 
(4) (2) 

No. of TANKERS 4 11 1 

500 ft. and over in Length 

No. of DRY CARGO SHIPS - 1 1 

No. of TANKERS 9 — 

Totals 

DRY CARGO SHIPS 56 39 24 
(6) (2) 

TANKERS 14 11 1 

GRAND TOTALS 70 25 
(6) (2) 


A Number in () denotes number of Unclassed ships. 


T) 


Total 


consider possible amendments to the Rules and 
recommendations have gone forward. A later 
paper will deal with the technical aspect of this 
matter, but briefly the proposals are as follows. 


A method devised for taking 
account, by means of a formula to be applied 
in the Rules, of the modern factors of design 
previously mentioned including high speed. The 


has been 


results of the deliberations will be seen by the 
surveyors in due course. The increase for 
features of design, that is, machinery weight, 
length and position of engine room and oil fuel 
bunker, length and volume of foreeastle is based 


Number of Ships with Fractures (Minor and Major) in Decks and Topsides, built since August, 1945 


. 146 (Includes 8 unclassed ships) 


. 188 (Includes 9 unclassed ships) 


INCIDENTS 
MINOR MAJOR 

E.W. [Pt.E.W. Riv. | Total || E.W. Pt.E.W. Riv. | Total 
24 17 9 50 2 ~ — 2 
(2) (2) 
I 1 = 2 _ — ae 
48 29 17 04 x 1 6 
(2) (2) a) (3) (4) 
5 13 1 19 a 2 - 2 

1 1 2 — 
10 “ 10 1 _ H 
(1) (1) 
72 $7 27 = 146 4 1 8 
(2) (2) (3) (3) (6) 
16 14 1 31 1 2 . 3 
(1) (1) 
88 61 28 177 5 6 11 
(2) (2) (4) (3) (7) 


% One ship (Classed TankerjOre Carrier) has 2 Minor and | Major Incidents. 
* One ship (Classed) has 2 Minor and | Major Incidents. 


on theoretical grounds, the inerease for speed is 
of necessity empirical. 


Ii is of interest here to note that purely in- 
dependently some research has been going on 
regarding the effect of long deck houses on the 
stresses in the upper deck midships. These in- 
dicate that depending on the length and breadth 
of the house and on the transverse strength of 
the upper deck a considerable reduction in 
stress takes place. This is reflected in the new 
proposals and surveyors may have noted that in 
certain cases where strengthening has been 
recommended it has not been required through- 
out the full length of the long deck house. It 
has been realised of course for many years that 
these long deck houses must have some effect in 
reducing the stresses in the hull, but it is only 
fairly recently that attempts have been made to 
determine by what amount. 


Empty Deep Tanks 


Tt is perhaps advisable here to mention the 


question of empty midship deep tanks. This : 


question is completely separate from the fore- 
going in so far as the Rules legislate for a 
vessel being normally loaded, that is, generally 
with homogeneous cargo distributed in all cargo 
spaces including midship deep tank if this is 
present. This tank is usually designed for 
water ballast or dry cargo and is assumed to be 
filled with cargo in the loaded condition. If an 
owner desires to sail in the loaded condition 
with a midship deep tank empty it increases the 
hogging stresses in the ship beyond those con- 
templated. 


As a result of the circular letter to owners the 
Society has been requested to indicate the addi- 
tional strengthening required in a considerable 
number of vessels to enable them to trade with 
an empty midship deep tank. This requirement 
is, of course, usual in the case of bulk cargoes 
which are removed by grab discharge since the 
relatively small deep tank hatches in the second 
deck are generally unsuitable. 


A new German vessel not classed with this 
Society disappeared in the North Atlantie while 
carrying a cargo of iron ore. As a result the 
German Underwriters demanded that in the case 


of vessels carrying ore cargoes the most satis- 
factory distribution of loading to avoid high 
stresses should be fixed by a Classification 
Society. As a result of this the Society has in 
the case of a number of German vessels advised 
the owners regarding the most suitable eargo 
distribution of iron ore. In this ease it is eon- 
sidered desirable that the longitudinal stresses 
should be somewhat less than with an ordinary 
cargo. The method usually adopted has been 
to specify the maximum percentage of the total 
deadweight which should be earried in the 
forward and after holds leaving the owner to 
adjust accordingly in order to obtain correct 
trim. It might here be pointed out that in 
certain vessels if too little iron ore is loaded 
into number one hold in order to obtain a dry 
ship forward undesirable sagging stresses may 
be caused. Generally speaking empty spaces if 
situated in midship considerably increase the 
hogging stresses. The effect is reduced as the 
centres of the spaces move forward or aft until 
when situated at approximately the quarter 
lengths the effect is very small. 

In the above connection it might be pointed 
out at this point that the most satisfactory 
practical method of quickly estimating the 
S.W. stresses due to variations of loading is to 
make use of a stress indicator, There are 
several of these available, either manually or 
machine operated, and a considerable number 
are in use, Each one has, of course, to be 
calibrated for the particular ship. It is 
extremely simple to check the stress incurred 
by altered dispositions of cargo, fuel and 
ballast and the most satisfactory arrangement, 
having due regard to the trim desired, can be 
estimated. 

As previously stated this question is not 
connected with the proposed alterations to the 
Rules to allow for increased stresses due to 
modern design and speed and if it is desired to 
sail with an empty midship deep tank stress 
investigation will still require to be earried out. 


Bottom Stiffening 

Surveyors in the outports have had eonsider- 
able experience of vessels with corrugated 
bottoms and Mr. J. M. Murray’s paper to the 
ILN.A. in April, 1954, deals fully with the 


| 


i 


technical aspect of this matter, Stiffening has 
been required or recommended in a considerable 
number of vessels with welded bottom shell and 
the Rules have already been amended to incor- 
porate some longitudinal members in the form 
of intercostal stiffeners in transversely framed 
ships. There is no doubt, however, that it can- 
not be repeated too frequently that longitudinal 
framing of the bottom is the most satisfactory 
answer to the problem. It might be mentioned 
that even with a longitudinal framing in an 
all-welded bottom corrugations will probably 
appear due to the contraction effect of welding, 
but the deflections of the vessels will not tend 
to increase these to a dangerous amount as in 
the ease of a transversely welded ship and they 
will therefore have little or no effect on the 
longitudinal strength of the vessel. 


Material 


Tnereased stresses due to design factors and 
speed have been discussed. Returning to the 
Liberty ships the design of these is not unlike 
that of pre-war ships and the speed is moderate 
so it was not logical to argue that design and 
speed caused the casualties in these cases. The 
effect of welding has been mentioned and in- 
vestigations showed that the vast majority of 
the fractures started in defective welds. It 
therefore appeared reasonable to assume that 
welding was one part of the cause. 

It was disconcerting, however, to find that 
relatively minor fractures frequently propa- 
gated themselves so rapidly and so far as to lead 
to major failures and perhaps even to the loss 
of a ship. These major failures sometimes 
occurred in calm seas, in fine weather and some- 
times occurred even in port when stresses were 
obviously low. These events turned attention to 
the quality of the material of which the vessels 
were built and since that time, which was very 
early in the investigations into Liberty ships, 
many authorities including the Society have 
spent considerable time and energy on research 
into the properties of mild steel. The mild steel 
used in the Liberty ships satisfied the normal 
Classification Society requirements and the 
question arose as to why such steel had shown 
such disquieting properties. 


Mild steel as used in shipbuilding is a so- 
called duetile material and must satisfy certain 
routine tests which are designed to prove it has 
qualities suitable for the purpose. These basie- 
ally consist of the familiar tensile and bend 
tests and the ductility of the steel may be shown 
by the fact that the test piece may elongate by 
20-30 per cent. before fracture. 

Many cases have occurred, however, in prac- 
tice where such steel has fractured in a brittle 
manner without sensible elongation. Major 
fractures in ships invariably show no elongation 
comparable with the test piece. These brittle 
fractures are not all in ships and are not all 
of recent incidence and in some earlier cases 
they occurred in riveted structures so that weld- 
ing cannot be held entirely responsible. In 
riveted structures, however, crack arresters in 
the form of seams are present to prevent eom- 
plete failure, 

In the majority of cases of ship failures the 
origin may be traced to, or is suspected to result 
from a structural discontinuity, sharp corner 


* or other stress raisers. These may generally be 


termed “notches” and include: 


(1) Structural discontinuity such as a deck 
house corner. 


(2) Sharp corners such as square hatchways. 


(3) A fault in welding such as lack of pene- 
tration, slag inclusion or under-cutting. 


The latter type of fault might occur in part 
of the structure which is otherwise devoid of 
discontinuity. 

It is clear from the above that some safe- 
guard can be built up against this brittle 
fracture by good design details, good quality of 
welding and by keeping the stresses as low as 
possible so that any inereased stress due to dis- 
continuity will correspondingly be reduced. 

The research carried out up to the present 
makes it clear that the main factor in such 
failures is a property of steel termed “notch 
brittleness”, If a test piece is prepared and 
notched on one or both edges it may fracture 
either in a duetile or brittle manner dependent 
upon the quality of steel and the temperature. 
If a notch occurs in steel which is “notch 
brittle” at the temperature concerned fracture 


can initiate and propagate. It is known 
definitely that thick plates are more susceptible 
to notch brittleness than are thin plates and in 
any particular specimen the tendency to notch 
brittleness increases with reduction of tempera- 
ture. 

Assuming that the above assumptions are 
correct and there is little reason to doubt them, 
it follows that it is required : 


(1) To produce a steel which is not “notch 
brittle’ at normal service temperatures. 

(2) To devise a suitable and relatively simple 
working test which will distinguish this 
quality in manufactured material. 


While research has proceeded a considerable 
distance it is still far from complete. It is 
indicated that no one factor alone appears to 
guarantee the quality of steel in the respect 
desired. Chemical composition alone is not a 
complete criterion. The requirement of a 
manganese/earbon ratio of at least 2°5/3 to 
one is apparently only one of the factors. 
Grain size and metallurgical structure appear 
to be vital and the final temperature of rolling 
and rate of cooling also affect the quality. The 
relative influence of these various factors is not 
yet fully understood and research is proceeding. 

Referring to the criterion of test the position 
here is also at the moment somewhat indefinite. 
In a completely ductile fracture the surface of 
the fracture will have a fibrous or soft silky 
appearance while with a completely brittle 
fracture the surface will appear crystalline. 
The temperature at which this change takes 
place or, more correctly, the range of tempera- 
ture over which it occurs, since between com- 
pletely fibrous and completely crystalline there 
is a range which is partly both, is called the 
transition temperature range. The transition 
temperature range of different specimens of 
mild steel all satisfying the normal requirements 


for ship steel may vary considerably. This 
transition will not be revealed by an ordinary 
tensile test piece except at very low tempera- 
tures and a notch test of some form must be 
used, At the present time two criteria of failure 
are being investigated for notch test pieces : 


(1) Impact energy. 
(2) Percentage crystallinity. 


Unfortunately correlation of results on the same 
steel by the two methods is not good, the 
transition range obtained differs somewhat for 
both methods. Generally speaking, however, 
either test will indicate whether one material 
has a higher transition range than another 
material. The subject of these tests is still 
under very active consideration. 


The recent changes in requirements for the 
use of P403 quality steel are based on the 
present knowledge of the subject of notch 
brittleness. Broadly speaking, the lower limit 
at which P403 steel must be used in all-welded 
ships has been reduced considerably, the exact 
limit depending on the position in the ship. 


In_ partially-welded . ships P403 is also 
required in certain circumstances. Credit is 
given for the riveted seams and builders can 
therefore make a choice between riveted seams 
or P403 steel, 


Conclusion 

The foregoing is a broad outline of the 
developments in recent years which led to 
the alterations in existing ships and altera- 
tions in the Rules. It is not claimed that 
it is complete but may assist Surveyors in 
disenssing these questions with Superintendents. 
It is thought that the recommendations made are 
the most reasonable which could be required in 
the cireumstances and that experience will in- 
dicate that they are necessary and sufficient. 
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Discussion on Mr. Adams’ Paper 


RECENT DEVELOPMENTS IN CARGO SHIP DESIGN 


Mr. J. M. MURRAY 


Mr. Adams gives a very suecinet account of 
the reasons for the modifications required in 
welded ships, and the paper is so complete that 
it does not call for much elaboration. 


Perhaps the most important alteration made 
to existing ships and acquired in new ships is 
the fitting, of erack arresters, and the following 
contribution to this subject may be of interest. 

The statistics given by Mr. Adams show that 
while crack arresters do not offer a complete 
solution to the problem of major casualties, 
they are a very valuable safeguard. In the 
writer’s opinion the chances of complete frac- 
ture are related to the stress on the ship at 
the time of casualty and the number of the 
crack arresters. If the stress is high then the 
fracture will pass through any number of erack 
arresters; if moderate or low, then the crack 
will very likely stop at a barrior of the kind. 


The “Jaguar”, an all-riveted tanker, that is, 
one with a very complete system of crack 
arresters, broke in two near amidships on two 
oceasions. On both occasions the stress was 
unusually high, and the failure occurred at the 
point of maximum stress; the crack arresters 
were completely ineffective. The two T.2 
tankers to which reference is made in the 
paper, had a limited number of crack arresters, 
two in the deck and two in the bottom and the 
stresses were high, but less so than in the 
“Jaguar”. Had there been more crack arresters 
then it is probable that the ships might have 
been saved. It will generally be found that 
ships in which the crack arresters have proved 
effective have been subjected only to a moderate 
or low stress at the time. of casualty. 


One further point should be made; many 
owners have objected to fitting crack arresters 
on the grounds that fractures may initiate in 
the slots. There is no record of this having 
happened, and this should reassure owners who 
have doubts on the matter, 


Mr. H. L. WALKER 


Were we not aware of the Author’s integrity, 
we might have thought he had gone in for 
juggling of figures at the bottom of column 1 
page 2. Here we find it to appear that, by 
the subsitution of 100 ship years of service for 
numbers of ships of which the average age is 
less than two years, he reduces the percentage 
of Group 1 fractures to 4:17 from 7:21 and of 
Group II to 19-4 from 33°44, but in fact what 
has been done is that the lower figures relate to 
percentages per annum or ship year. 


When considering the figures given in the 
small table in the upper part of column 2, 
page 3, it may be well to remember that the 
underdeck riveted girder was not connected 
continuously to the deck but, if memory is 
correct, by double riveted chocks intercostal be- 
tween beams and it could well be that the 
distance between the edges of end rivet holes 
of adjacent chocks would be 6 in. and this 
arrangement could not be expected to compare 
favourably with the other two tabulated. 


It is felt that the Author could usefully add 
to the table on page 6 by giving a definition 
or guide upon the approximate dividing line 
between a minor and major incident. From 
this table, it is interpreted that a number of 
the ships had more than one incident and it 
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would be interesting to know the greatest num- 
ber of incidents for any one vessel or type of 
vessel. It is also considered this table is 
probably, by its general nature, more critical 
than intended for riveted ships because neither 
age nor service years are mentioned, and it is 
felt the average age of the E.W. and part 
E.W. ships is probably about six or seven 
years, whilst the riveted ships are probably at 
least ten years older. 


One would have thought it desirable to add 
to the three reasons for failure, which are 
enumerated in column 2, page 8, a further 
reason, namely, “Error in welding procedure 
or sequence”, 


For an extremely interesting survey of recent 
developments, even including references to 
pressing but yet unsolved problems, and for 
his interest and help in the operation of our 
Association, we are deeply indebted to our 
colleague, the Author. 


Mr. W. M. WHITE 


In his opening remarks Mr. Adams refers to 
the considerable number of instructions regard- 
ing stiffening, strapping, ete., issued in recent 
years. In view of the fact that this paper will 
be valuable to Surveyors for purposes of refer- 
ence, will Mr. Adams consider adding a list of 
these instructions in the form of an appendix? 
This would be most useful, as few Surveyors 
can be sure that they have copies of all cireu- 
lars in force today. 


With regard to the definitions of Group I 
and Group II casualties given on page 2, it 
would be of interest to know how serious a 
fracture had to be before being classed in 
Group I, i.e. before it was considered to be a 
danger to the ship. Bearing in mind the speed 
with which small fractures propagate them- 
selves (and this is emphasised in the section on 
material on page 8) the large majority of frac- 
tures to main longitudinal material must be 
potentially dangerous, thereby qualifying for 
classification in Group I. The table on page 4, 
however, does not indicate that this is so. 


I do not consider that this table is the best 
way of presenting results, based as it is on 
ship years of service. The introduction of the 
time element does not appear to be necessary, 
and the results would have been more easily 
interpreted if presented in the form shown in 
the table on page 6. 


Mr. J. B. DAVIES 


As the Author says, the loss of the 
“Oklahoma came as a great shock to the 
Swedish builders and owners for it was thought 
that all the lessons of service experience had 
been learnt and all possible steps taken to 
counteract them. 


However, the subsequent investigations did 
show that in the modern design of cargo ship, 
which had probably been developed in Sweden 
to the greatest degree, greater hogging stresses 
arose in service than could be considered desir- 
able and also that still further attention must 
be given to the material question. 


It is noted that the most popular method of 
fitting a erack arrester in the American-built 
ships was by cutting the sheerstrake, but in 
Sweden it has generally been preferred to cut 
the stringer plate. 


It should be said that, despite the troubles 
which have been experienced, the Swedish ship- 
builders remain convinced that the all-welded 
ship can be as safe and satisfactory as the 
riveted provided that unremitting attention is 
paid to details (both of design and construction) 
and that a judicious use is made of specially- 
high notch-tough steel, i.e. better than P403. 


The supply of suitable material is the biggest 
problem today and it would be of the greatest 
assistance if more steelworks could produce this 
material. 


The requirements for strengthening existing 
ships have undoubtedly caused builders and 
owners to give greater thought to the effect of 
design on the longitudinal strength and a con- 
siderable amount of work is being done in 
Sweden on these lines. The first result of this 


was the ordering of a shelter decker about 300 
ft. long having the normal positions of engine 
room and No. 3 hold intercharged which gave a 
very low still water stress. The same owners 
are also investigating the actual conditions of 
loading for 70 voyages of a group of sister 
ships to see how great a deviation occurs from 
the assumed homogeneously loaded condition. 
Final figures are not yet available, but it can 
be said that quite considerable departures from 
the normal have been found in many cases. The 
company concerned pay great attention to the 
loading so that, in the light of this it is thought 
that it would not be unreasonable to legislate 
for a loading condition somewhat more severe 
than homogeneously loaded. 


Mr. K. V. TAYLOR 


This paper has covered a wide range of 
interesting points which are of considerable 
importance to the shipbuilding industry at the 
present time. Firstly, I would be interested in 
the Author’s views regarding the casualty 
categories used by the United States Ship 
Structures Committee. The border-line between 
Group I and Group II cannot be very well 
defined and certain fractures could quite easily 
be in either group upsetting the statistical 
significance of the two groups. 


It was stated in the paper that the majority 
of ship failures can be traced to stress raisers 
and I belive that it is possible that fatigue may 
be a contributory cause towards these fractures. 
Although Dr. Week, in his paper to the Institu- 
tion of Naval Architects, 1953, admitted that 
fatigue is not of prime importance in ships’ 
structures, yet it must be remembered that there 
has been little evidence available as fatigue 
cracks are not always recognised as such. In 
welded ships in the region of severe stress con- 
centrations, fatigue is likely to oceur with a low 
number of eyelic variations of stress. The small 
cracks which are formed may develop into 
serious fractures if the steel was “notch brittle”. 
The evidence of fatigue in such cases would 
probably go undetected. 


Finally, as stated by the Author, considerable 
research, particularly by Robertson at N.C.R.E., 
has been undertaken to investigate the propaga- 
tion of cracks through plates and much useful 
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information has been learnt regarding the 
fundamental aspects of the subject. Although 
it is known that cracks can be prevented from 
spreading by the use of various devices given 
in the paper, yet the actual mechanics of the 
arrester is complicated and does not always 
guarantee success as indicated by the figures 
from March 31st, 1953. However, proposals are 
in hand for a series of tests with different types 
of arresters at the British Welding Research 
Association and these should be extremely 
valuable. 


Mr. J. GUTHRIE 


Having read and digested Mr. Adams’ in- 
structive paper, I find there are several points 
which are not perfectly clear to me. 

On page 2, diseussing particulars of fractures 
in Liberty Ships as built, the percentages of 
casualties under Group I and Group II are 
given as 4°17 and 19°4, based on 100 ship 
years’ service. However, by referring the 
number of failures to the total number of 
Liberty Ships built, the casualty percentages 
become 7°2 and 33:4 for Groups I and II 
respectively, while the total number of vessels 
which suffered serious fractures is over 40 per 
cent in this particular type of construction. 
When the incidence of serewshaft failures is 
added to this bleak picture, it is surprising to 
me that Classification Societies and Under- 
writers ever accepted the risks. 


It is assumed, though without any authority, 
that most if not all fractures mentioned in 
Groups I and II originated in hatch corners or 
ends of deckhouses, i.e. at sudden changes in the 
deck area. If, however, the welded deck plating 
outside the line of hatches, which is, after all, 
a main strength member, could be made in- 
dependent of the deck between hatches, the 
notch effect would be greatly reduced, and I 
submit that the cheapest form of crack arrester 
would be to slot the deck in line with the hatch 
coamings and fit riveted straps. 


On page 8, under the heading Bottom Stiffen- 
ing, the Author states that even with longitudinal 
framing at bottom, corrugations will probably 
appear as a result of contraction due to welding, 
but that these will not seriously affect the 


strength of the vessel. Surely the corrugations 
would then: be parallel with the frames, and 
thus have a positive effect on the longitudinal 
strength. 


In Portuguese and in all other latin languages 
there is no precise translation for either “tough” 
or “brittle”, and there is no technical equivalent 
of notch. The expression notch-tough steel, 
when translated, becomes simply “steel which 
resists the effect of an incision” a description 
which could apply equally well to case-hardened 
steel. The Author tells us what notch-tough steel 
should not be, but does not offer any precise 
specification for its manufacture. Similarly, 
only negative information of P403 quality steel 
is given in the rules, and surveyors abroad are 
now confronted, as I am, with the problem of 
deseribing a definite type of steel which appears 
to have no established physical or chemical 
properties. 


AUTHOR’S REPLY 


Before replying to the contributions and refer- 
ring to the table on page 6 the Author would 
point out that the reference to unclassed ships 
might perhaps be amplified. These cases are 
only of casualties to unclassed ships, knowledge 
of which came into the hands of the Society. 


The inference should not be drawn that the 
proportions of unclassed to classed ships covers 
all casualties. The cases of classed ships are 
complete, but for obvious reasons the number of 
eases referring to unclassed ships is no pointer 
to the actual number of cases which occurred. 


Mr. J. M. Murray 


Mr. Murray’s contribution to the discussion 
is important, indicating, as it does, that if the 
stress is high, crack arresters are of limited 
value. It is for this reason that it was decided 
to amend the rules in order to increase the 
strength of ships, which, by virtue of their 
design, might be highly stressed. 


It might be asked why, if the stress is not 
high, the fractures ever start in those cases 
where they stop either in the plating or at 
erack arresters. The Author suggests that a 


high local stress may start the crack in these 
eases, but as the overall stress is low the 
resultant continuous release of energy as the 
fracture propagates is not large and, dependent 
upon the rate of energy absorption of the par- 
ticular steel, may be completely absorbed before 
complete disruption oceurs. A stage must 
eventually be reached in any case where so 
much material is lost as an effective member 
that the stress reaches a dangerous value. 


Mr. H. WALKER 


The reason for adopting ship years as the 
eriterion was that this was the method used in 
the full American analysis of the war built 
ships. Statisties require careful handling in 
any form, but it is thought that the method 
used does not falsify the facts. Mr. Walker’s 
point about the riveted girder is a good one and 
the girder was only employed where the likeli- 
hood of a dangerous fracture was not considered 
to be so high as in other cases, the girder 
increasing the “odds against” complete failure. 


Further definitions of fracture groups is 
difficult since personal opinion must intrude. 
Generally, however, Group I fractures were 
those which propagated for a _ considerable 
distance, e.g. a hatch corner fracture extending 
to or nearly to the gunwale. Group II frac- 
tures were those which were potential Group I 
fractures, but of small extent. Both Groups 
were in the main envelope of the hull. 


The table on page 6 is more critical of 
riveted ships if considered in the light of that 
on page 2, but the considerable extra time which 
would have been required to provide the ship 
year basis was not thought to be justified. 


Error in welding procedure or sequence might 
well have been added to the list of causes on 
on page 8 as a possible stress raiser. 


Mr. W. M. Waite 


The Author does not feel capable of adding 
an index of relevant instuctions since he has 
the feeling that his own collection is not com- 
plete. It would be useful to have a progressive 
index published, say, once every six months. 
The definition question has been dealt with in 


the reply to Mr. Walker. An explanation of 
the second part, referring to the potential 
danger of all fractures in longitudinal material 
is given by Mr. Murray’s contribution—unless a 
fracture is large before it stops the stress may 
not have been greatly increased and if the end 
is drilled off it may be reasonably safe for a 
short period. 


The best presentation of the statistics is a 
matter of opinion and the Author has no definite 
opinion either way. In any case the weather 
experienced by the different ships may vary 
considerably throwing doubt on anything but a 
general interpretation. 


Mr. J. B. Davies 

The Author feels that the crack arrester may 
be equally well placed on the stringer or sheer- 
strake. If specially notch-tough steel matches 
up to expectations there is no reason to believe 
that an all-welded ship cannot be made satis- 
factory. 


Stress can be considerably reduced by judi- 
cious design and provided trim difficulties can 
be solved movement of the engine room is 
probably the best way. 


Mr. K. V. ‘TAytor 


The border line between Casualty Groups I 
and II has been dealt with previously. The 
question of fatigue cracks is a thorny problem 
—opinions differ as to the existance of fatigue 
in ship structures. Fractures in old ships may 
be due to fatigue, but many of the cases quoted 
were very early in the ship’s life. The Author 
has seen a severe fracture of the type con- 
sidered on a maiden voyage after only a few 
days. 


Mr, Gurr 


The question of the statistical basis is again 
raised. Most of the fractures did start at hatch 
corners so the proposal for a riveted strap 
between hatches is interesting, but there are 
practical difficulties. 


Referring to corrugations in longitudinally 
framed bottoms the panel effect is only changed 
in direction and it is not clear why the corruga- 
tions should have a positive effect on longi- 
tudinal strength. This may be true locally at 
the midportion (longitudinally) of the panel. 


The Writer’s difficulties regarding notch-tough 
steel are viewed sympathetically by the Author. 
The subject bristles with difficulties and research 
is still continuing at high pressure, but finality 
has not yet been reached. 
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